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Legumes have been under cultivation throughout the 
world since remote past. They provide invaluable food for man 
and fodder for animals. For predominantly vegetarian 
populations in India, legumes occupy an important position 
among food crops as sources of pulses, vegetables, oils, etc. 
Besides, they help improve soil fertility through bacterial 
nodules which are formed on their roots. As much as 200 
pounds of nitrogen per acre can be fixed by these bacteria. 
• The grain legumes ('pulses') are important sources of 
protein (20-30%), carbohydrate (about 60%), minerals and 
certain vitamins. Their carbohydrate contributes as many 
calories per unit weight as cereals. On an average lOOg of 
pulse provides 345 Kcals, 24g protein, 140 mg calcium, 8 mg 
iron, 300 rag phosphorus, 0.5 mg thiamine, 0.3 mg riboflovin 
and 2.0 mg nicotinic acid. Thus pulses have an important 
role in correcting the widespread malnutrition in this 
country. Today, even non-vegetarians are shifting to pulses 
due to the high cost of animal protein which has become a 
luxury item. The importance of grain legumes in the world 
farming systems, as well as in human nutrition, has been 
emphasized in recent years (Anon, 1975). Hence, in the 
national nutritional uplift programme, more attention is 
being given to a balanced cereal-pulse diet. 
1 
India has the distinction of being world's largest 
producer of grain legumes occupying an area of 22-23 million 
hectares with an average yield of 10-13 million tonnes of 
grains annually but unfortunately the country has not been 
able to achieve self-sufficiency in pulse requirement. It is 
partly because of large human population which is increasing 
at an alarming rate. According to the latest economic survey, 
the per capita availability per day has declined from a peak 
of 70g achieved in 1956 to 33g in 1988. Another reason of 
shortage of pulses is their low production which is 
insufficient relative to the needs of human nutrition, 
particularly in the developing countries, where the "green 
revolution" has occurred only in the cereal production. This 
has necessitated substantial imports of pulses. There are 
several factors responsible for the reduction in yields of 
grain legumes, diseases being very prominent among them. The 
different constraints are briefly discussed here under: 
1 . Agroecological constraints: 
In India the legumes farm resources have gone down due 
to lack of irrigation facilities and uncertain and erratic 
rainfalls, which create a formidable barrier for timely 
planting of the crops and desired plant stand. Another 
barrier in pulse production is the poor availability of soil 
nutrients, phosphorus in particular and zinc to some extent. 
The marginal and sub-marginal land holdings occupied by pulses 
are generally poor in soil fertility and moisture retention 
capacity which result in poor yields. 
2 . Management/Institutional constraints: 
(a) Seed production: Inadequate availability of seeds of 
improved varieties of pulses continues to be a stumbling 
block for increased pulse production. 
(b) Research Technology: Despite the fact that India is the 
chief pulse producing country in the world, the inflow of 
research information from laboratory to farmers at village 
level is utterly miserable. Pulse technology can not be 
successfully polarised unless extension support is there and 
farmers are trained fully. The technology gap between 
research institutes and farmers is very wide. Moreover their 
attention on pulse programme is very limited. 
(c) Area Expansion: One of the factors responsible for the 
depletion in the area is the low rainfall which has changed 
cultivable land into non-fertile land. 
(d) Production of microbiological culture: It has been 
estimated that yields of pulses cannot be raised without 
substantial use of efficient Rhizobium cultures. 
Unfortunately, however, these cultures are insufficiently 
produced. 
(e) Socio-economic constraints: Pulses have only subsidiary 
status in the total farming system perhaps because of several 
prevalent notions and blind beliefs which determine farmers' 
response, such as: (i) cereals are the staple food (ii) 
pulses are not major cash crops^ hence may not be able to 
provide a good resource base, (iii) instability in the 
production of pulses due to number of diseases and insect 
pests (iv) high damage rate in storage (v) highly fluctuating 
post-harvest prices and (vi) other associated problems at 
local level. 
3 . Biological constraints: 
Amongst the factors responsible for reducing yields, 
diseases figure very prominently. Grain legumes suffer from a 
large number of diseases caused by fungi, viruses, bacteria, 
nematodes, etc. Nene (1988) in a recent publication has 
claimed that he was not aware of any location, either from 
the literature surveyed by him or from his travels in many 
countries, where these crops do not suffer losses from at 
least two diseases. Different grain legumes suffer from a 
wide range of diseases such as wilts, root rots, downy and 
powdery mildews, leaf spots and blights, rusts, mosaics 
and/or stunted growth resulting from attack by root-knot or 
cyst nematodes (Nene, 1988). Economic losses caused by 
nematodes in the crops range from slight, perhaps less than 1 
per cent, to total loss (Sasser, 1989). In a recent world-
wide survey, Sasser & Freckman (1987) have estimated annual 
yield loss of 10.7% for the 20 life-sustaining crops (LSC) 
that stand between man and starvation (Wittwer, 1981), and 
14.0% for other 20 economically important crops having food 
or export value, the overall average being 12.3%. While 
comparing these losses in the developing and the developed 
countries, they found it to be 12.6% and 7.0% respectively 
for LSC, and 16.5% and 10.5% respectively for the 20 crops 
not considered to be life sustaining; the overall average for 
the 40 crops being 14.6% and 8.8% respectively. Among 
leguminous crops, chickpea, fieldbean, peanut, pigeonpea and 
soybean considered to be LSC, the estimated annual yield 
losses on world basis were 13.7, 10.9, 12.0, 13.2 and 10.6 
per cent respectively, while in the other category the 
estimated loss was 15.1% for cowpea. 
Prognosis: 
The much needed improvement in pulse production in the 
country can be achieved by adopting suitable farm practices 
coupled with proper supply of certified seeds of high 
yielding and resistant varieties, rhizobium cultures, 
pesticides, etc. However, crop protection measures cannot be 
successfully carried out until there is proper understanding 
of various diseases and the ecological relationships of the 
casual organisms. A review of literature on the last aspect 
with respect to the interactions of plant-parasitic nematodes 
and pathogenic fungi, which is also the topic of the present 
thesis, has been given in the next chapter. 

2. REVIEW OF LITERATURE 
In nature plants are exposed to large number of 
microorganisms both in aerial and soil environment. Soil is a 
complex ecosystem, inhabiting a wide variety of life forms, 
pathogenic as well as saprophytic, which often show 
synergistic, symbiotic and antagonistic relationships between 
themselves. It has been estimated that 1 m^ of highly 
fertile field soil may contain as many as 3x10^'^ bacterial 
cells (300g), 5x10® protozoa (39g) , 1x10*7 nematodes (12g) and 
400g of fungi (Richards, 1976). Many of these microorganisms 
have capacity to cause plant diseases independently, while 
some require association of other organisms. Thus, sometime 
plant damage aggravates when two or more pathogens attack 
simultaneously. Plant-parasitic nematodes, for instance, 
have unique position in such situations; this is evident by 
the work of Mayol & Bergeson (1970) and Starr & Mai (1976) 
who have found that root-knot nematodes cause greater damage 
in natural soil than in autoclaved soil. 
Several possibilities have been suggested by workers by 
which plant-parasitic nematodes interact with other micro-
organisms. According to Pitcher (1965), nematode may acts 
as: (i) vectors of pathogens capable of self-establishment 
once in contact with the host, (ii) vectors of pathogens 
incapable of self-establishment unless introduced below the 
epidermis, (iii) mechanical wound agents, (iv) providers of 
necrotic infection-courts, (v) modifiers of the substrates, 
(vi) breakers of the disease resistance and (vii) deterrents 
of plant diseases. 
Plant-parasitic nematodes have also been found 
interfering the activities of rhizobia present in special 
structures called root-nodules of leguminous plants and thus 
cause much loss to the fertility of soil. 
Recently several workers have reviewed the work on 
various associations of plant-parasitic nematodes with other 
microorganisms, e.g., fungi (Powell, 1971a,b,1979; Pitcher, 
1965,1978; Mai & Abawi, 1987), root-nodule bacteria (Pitcher, 
1978; Norton, 1978), pathogenic bacteria (Powell, 1971; 
Pitcher, 1978), viruses (Powell, 1971; Martelli, 1978; 
Lamberti, 1981) and other nematodes (Powell, 1971; Dropkin, 
1980; Eisenback & Griffin, 1987). Various aspects of 
interactions between plant-parasitic nematodes and soil 
pathogenic fungi and rhizobia are discussed hereunder: 
NEMATODE-PONGDS INTERACTIONS: 
The literature on interactions of nematodes with fungi 
is more extensive than those concerning with other pathogens. 
For convenience it is categorized according to the nature of 
fungi involved. 
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1 . Interaction between nematodes and wilt-fungi: 
Although these pathogens may be destructive when acting 
alone, their combined pathogenic association may be greater 
than the sum of their individual effects. The first such 
study was carried out by Atkinson (1892) who found that 
root-knot nematode (Meloidoqyne spp.) increased the severity 
of Fusarium in cotton. Since then large number of workers 
have studied the association between two or more pathogens. 
Root-knot nematode and Fusarium spp. together caused greater 
damage to several crops than their association with other 
pathogens. However, there are many reasons for their 
selective action of these pathogens. Being a sedentary 
endoparasite, the females of Meloidoqyne spp. which settle in 
the vascular region form a special relationship with wilt 
fungi which are also pathogens of vascular system; this 
results in increased severity of the disease. Atkinson's 
work was later supported by Smith (1941, 1954). 
There are several reports which show that root-knot 
nematode was capable of breakdown of plant resistance against 
wilt fungi. Significant increase in the Fusari um wilt 
incidence was noted by Martin ^ (1956) in wilt-
susceptible variety of cotton, viz., Deltapine-15 as well as 
in wilt resistant variety Cooker-100, where the resistance 
was broken in the presence of Meloidoqyne incoqnita and M . 
incognita acrita. Similarly two Tanzanian cotton varieties 
e.g., UK-71 and UK-77 lose resistance against wilt fungus in 
the presence of M . incognita (Melakeberhan & Evans 1981) . 
Menezes & Balmer (1974) reported that a resistant 
variety of tomato became susceptible to F . oxvsporum f. 
vasinfectum in the presence of root-knot nematode. Similar 
results were also obtained by Young (1939) and Harrison & 
Young (1941) in different varieties of tomato. An interesting 
phenomenon was noted by Goode & Mc-Guire (1967) regarding the 
Fusarium wilt of tomato. In greenhouse test a virulent races 
of Fusarium oxvsporum f . Ivcopersici became virulent after 
root-knot nematode predisposed certain cultivars of tomato, 
thus raised the possibility that the fungus mutates within 
the nematode-infected host. The resistance was broken in 
moderately resistant tomato variety "Pearson VF-11" in the 
presence of M . iavanica with F . oxysporum f . lycopersici race 
1 (Pitcher, 1974). Binder & Hutchinson (1959), on the other 
hand, were not able to get the positive interaction between 
the root-knot nematode and Fusarium wilt of tomato. Johnson & 
Littrell (1969) also supported the above findings that the 
presence of M . iavanica or M . hapla failed to break the 
resistance of chrysanthemum variety 'Iceburg' against 
Fusarium wilt, however, their presence enhanced wilting in 
the susceptible variety "Yellow-Delaware". 
The soil infested with M . iavanica increased the wilt 
incidence of cowpea caused by F . p^tysporijm f. tracheiphjlum 
10 
(Thomasori/ 1958), however, Thomason e^ (1959) found that 
cowpea variety 'Grant' has not only lost resistance in the 
presence of M . javanica and F . oxvsporum f. tracheiphjlum but 
has also increased the severity of wilt than that in the 
susceptible variety "Chino-3". M . iavanica also reduced the 
resistance of cowpea to F . oxvsporum f . tracheiphilum 
(Swanso, 1985). The resistance was broken in chickpea variety 
"Avrodhi" to Fusarium in the presence of M . -javanica 
(Upadhyay & Dwivedi, 1987); resistance of pea variety 
'Alaska' to F . oxvsporum f . pisi was broken in the presence 
of M . incognita and M . hapla (Davis & Jankins, 1963). 
Jenkins & Coursen (1957) used two species of 
Meloidoqyne and found that these affected the host in 
somewhat different manner, and these differences were 
meaningful with respect to the predisposition to Fusarium 
wilt. Both M . incognita acrita and M . hapla promoted wilt 
development in Fusayium wilt resistant tomato variety 
'Chesapeake' but with different degree. When M . incognita 
acrita was combined with the fungus 100% wilting occurred as 
compared to only 60% when M . hapla was present. This suggest 
that their physiological effects were different because of 
difference in their infectivity. While Bowman & Bloom (1966) 
predicted that M . incognita probably changed the physiology 
of the host in such a manner that it became more susceptible 
to Fusarium wilt resulting in the breaking of resistance 
against the wilt fungus. Similarly three species of 
11 
Meloidoqyne, viz. M . hapla, M . iavanica, and M . incognita 
have also shown differences in their capacity to damage 
alfalfa plants (McGuire ^ , 1958). The extent of damage 
due to F . oxysporum f . vasinfectum increased 95, 90 and 50% 
when the fungus was present in combination with M . hapla, M . 
iavanlca and M . incognita respectively. Physiological 
changes due to M . incognita were also noted in Fusarium-
susceptible and -resistant tomato plants by Kleineke & Wyss 
(1981). They found that there was an enrichment of 
carbohydrates especially of reducing sugars, glucose and 
fructose, as well as of free-amino acids more in the root 
than shoot; the resultant effect of both the pathogens 
increased the amount of auxin and cytokinin contents. 
There has been an assumption that wounding caused by 
nematodes especially root-knot nematodes increase the 
susceptibility of plants to invasion by wilt fungus. It was 
thought that root-knot larvae provide avenues for entry of 
Fusarium spp. and other fungal pathogens (Taylor, 1979). If 
wounding were so important, the enhanced susceptibility would 
be at its maximum at the time of penetration of root-knot 
larvae into the host roots. But this was not so. It was 
demonstrated that the severity of wilt diseases caused by 
fungi including Fusarium was greater when root-knot nematode 
were inoculated two-to-four weeks prior to the inoculation of 
host plants with the fungus, as compared to simultaneous 
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inoculation (Powell, 1971a,b; Powell, 1979). This revealed 
that the interactions between root-knot and Fusari urn wilt-
fungus form complexes leading to the modification of host 
physiology rather than just wounding. It was further 
supported by the fact that by the infection of root-knot 
nematode the root was predisposed to Fusarium wilt fungi 
which were attracted towards the infection sites. Additional 
information of this concept was provided by Perry (1963) from 
anatomical studios of roots of cotton seedlings infected with 
M . incognita. Jenkins & Coursen (1957)and Thomason g i a l . 
(1959) have shown that the mechanical injury or wounding 
though increased the susceptibility of the host plant to 
Fusarium wilt considerably but it was less than that caused 
by Meloidoqyne spp. It shows that their relationships are 
biological or physiological rather than physical in nature. 
Porter & Powell (1967) noticed in some hosts that root-knot 
nematodes apparently are capable of maximum predisposition 
only after 3-4 weeks. This time interval would be sufficient 
to permit the formation of galls leading to morphological and 
physiological changes. The association of M . incognita and F. 
oxysporum f . coffeae on coffee seedlings resulting the effect 
in the form of chlorosis, root-necrosis, wilting and dwarfing 
and the reduction in these parameters were significantly 
greater in plants inoculated with fungus 4 weeks after 
nematode inoculation. 
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Webster (1975) and Sidhu & Webster (1977) reported 
greater severity when M . incognita predisposed tomato plants 
to F . oxysporum f. lycopersici and their complex showed 
chlorosis of foliage and physiological changes in the feeding 
sites which were mainly responsible for wilting. Wilting was 
more severe in the presence of M . incognita with F . oxysporum 
f . niveum on watermelon (Sumner & Johnson, 1973). The 
nematode increased the susceptibility of cucumber plants to 
£ . oxysporum f . cucumerinum (Costache §_t al., 1978) . 
The soil infested with root-knot nematode play an 
important role to increase severity. Thomason (1958) found 
that wilt of cowpea caused by oxysporum f . tracheiphilum 
was much more severe in soil infested with iavanica. 
Similarly severe wilting of Mimosa seedlings were recorded in 
the soil infested with M . incpgnita or iJ. iavanica (Gill, 
1958). Schindler gt a l . (1959, 'l961) observed that 
endoparasitic nematodes like M . hapla, M . arenaria thamesi, 
M . incognita acrita and M . iavanica increased carnation wilt 
caused by F . oxysporum f . dianthi while Hej.icotylenchus 
nannus and Rotvlenchulus buxophilus did not cause 
significant wilting. The carnation wilt was increased 
when F . oxysporum f . dianthi was inoculated at different time 
intervals (1 week, 2 months, 5 months) along with root-knot 
nematode. The plant mortality was found greater in okra by 
Rankin (1957) due to combined effect of F . oxvsporum either 
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with M . incognita acrita or Pratvlenchus leiocephalus. On the 
other hand, Menezes & Balmer (1974) noted that soybean, bean 
and pea plants when grown in soil infested with root-knot 
nematode showed susceptibility to F. oxvsporum f . 
vasinfectum. The similar result was obtained by Lopes & 
Lordello (1979) with P . solani f . piperi and M . incognita. 
Bergeson Qt a l . (1970) noted that the rhizosphere soil 
of tomato plants infected with M , iavanica had more 
propagules of F . oxvsporum f. Ivcopersici as compared to the 
rhizosphere of non-infected plants. They also reported a 
significant decrease in the population density of 
actinomycetes in the same rhizosphere soil. They concluded 
that the decrease in densities of actinomycetes may be due to 
changes in the pH or the selective increase of competitors or 
antagonists of actinomycetes. Some actinomycetes are known 
anagonists of Fusarium s p p . (Cook & Barker, 1983; Walter, 
1965). Noguera Gonzalez (1977) noted that the intensive stem 
necrosis developed within 10 days of fungal infection of 
F . oxvsporum f. batatus on tobacco before plant infected 
first with M . incognita, thus followed by death of the 
plants. Liburd & Mai (1976) discovered that the simultaneous 
inoculation of tomato with M . incognita and F . oxysporum f . 
lycopersici resulted in earlier appearance of wilt-symptom 
and increased incidence of the disease as compared to the 
plants inoculated with fungus and nematode alone. The maximum 
percentage of wilting occurred due to simultaneous 
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inoculation of M . incognita with Fusarium on Frenchbean 
(Singh ^ al., 1981) and M . incognita with F . oxysporum f . 
cucumerinum on cucumber {Pelc2 et^ al., 1982). While Padil et 
a l . (1980) noticed the death of pea plants after 45 days when 
inoculation was made simultaneously with M . incognita + M . 
hapla and F . oxysporum. However, Moorman ^ (1980) found 
severe wilt-symptoms when both pathogens were inoculated 
simultaneously. The wilt resistant variety of flu-cured 
tobacco •Coper-298' becomes susceptible in the presence of M . 
incognita. 
It is well known that temperature plays an important 
role in disease development caused by more than one pathogen. 
Morrell & Bloom (1981) found that greatest wilt occurred In 
tomato at 21-240c due to combination of M . incognita and 
Fusarium oxysporum although Fusarium oxysporum alone cause 
significant wilt at 240C. Optimum temperature for wilt 
development differ with different nematode genera, 23°C being 
optimum with stunt nematode, Tvlenchorhvnchus capitatus, and 
29®C with root-knot nematode, Meloidogvne incognita (Overman 
& Jones, 1977) for the wilt caused by Verticillium dahliae. 
Interesting results were obtained by Martin ^ al. 
(1956) while working on Fusarium wilt of tomatoes and cotton. 
They found that soil fumigation not only controlled root-knot 
nematode but also the wilt disease, which otherwise developed 
in the presence of root-knot nematode in unfumigated soil. 
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Supporting evidences were provided by Ross (1965) who 
observed the wilting of soybean cv. 'Jackson' due to Fusarium 
and root-knot only in unfumigated plots, whereas the plants 
were found wilt-free in fumigated plots with nematicides and 
thus visualised the role of nematodes in the causation of 
wilting of soybean. 
The histopathological studies of roots infected with 
certain sedentary endoparasitic nematodes particularly root-
knot nematode and Fusarium revealed their actual relationship 
vis-a-vis the host, Minton & Minton (1963) studied the 
histopathology of cotton roots jointly infected with M. 
incognita acrita and F . oxysporum f . vasinfectum and observed 
abundant fungal growth in giant cells induced by nematode as 
well as in the xylem, while the fungus was absent in phloem 
and cambium. The fungus also grew well in decaying cortical 
and epidermal cells, but poorly in apparently healthy 
tissues. The fungus entered the decaying tissue through 
xylem. The interaction between root-knot and Fusarium in 
tobacco also revealed a similar trend (Melendez & Powell, 
1967) where the giant cells and xylem element of both wilt-
resistant and susceptible plants were found to be heavily 
invaded by F . o.cvsporum f . necotianae. Giant cells were 
highly sensitive tc fungal attack and became devoid of 
protoplasm content soon after fungal invasion. This damaging 
of giant cells was accompanied by gradual debilitation of 
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fungal hyphae occupying the tissues and ultimately the 
infection, also affect female nematode and adversely affect 
eggmass production. These workers also found that the fungus 
colonization was not restricted to the galled region of a 
nematode infected plants but they also colonized the other 
parts of the plants. Such fungus growth was not observed in 
nematode free plants. Davis (1963) also reported similar 
histological changes on pea; the fungus invaded the galled 
region, more prominently the giant cells. Giant cells and 
surrounding tissues were also invaded and colonised by the 
hyphae of F . oxvsporum f . lycopersici on cucumber plants 
previously infected by M . incognita (Hirano & Kawamura, 
1971). Rushdi ^ (1982) supported the above finding while 
studying the histological changes in broadbean and cowpea by 
obtaining the results in the form of multinucleate giant 
cells with granular cytoplasm when the plants were infected 
by both U . javanica and Fusarium spp. which caused much 
damage to entire plants. 
Recently Webster (1985) has given in detail the 
ultrastructural response of tomato roots to infection by F. 
oxysporum f . lycopersici and M . iavanica. The giant cells 
appeared normal in wilt-resistant cultivars and these 
cultivate exhibited no sign of fungal growth after one week 
of fungal inoculation. Abundant Fusarium hyphae were present 
in xylem tissues of Fusarium-susceptible but not in 
Fusarium-resistant cultivars at two weeks after fungal 
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inoculation. Giant cells exhibited degeneration which were 
characterised by membrane and organelle disruption. Three 
weeks after fungal inoculation, hyphae and conidia were 
visible inside xylem tissues and the giant cells in 
Fusarium-susceptible plants and also in xylem tissues of 
resistant plants. Nuclei of giant cells of both cultivars 
inoculated with Fusarium became spherical and dark inclusions 
occurred within chromatin material that condensed adjacent to 
the fragmented nuclear membrane. Such ultrastructural 
changes in giant cells were absent or not found in the root 
of plants inoculated with M . incognita alone. Since changes 
in the structure of giant cells were observed prior to hyphal 
entry, it was suggested that translocatable fungal 
metabolites or fungal induced plant substances are 
responsible for the modification and eventual death of the 
giant cells (Fattah & Webster, 1983). 
Another genus of sedentary endoparasitic nematode, 
Heterodera has been found involved in complexes with the 
Fusarium-wilt fungi. Ross (1965) has seen such type of 
complex on soybean involving H . glycines and stated that the 
cyst nematode was more effective in predisposing plants to 
Fusarium wilt than M . incognita and visualised that this 
difference in the predisposing abilities between the two 
genera was due to penetration and migration behaviour rather 
than physiological difference; soybeans are generally more 
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tolerant to root-knot nematodes than to cyst nematodes. 
Heterodera trifolii has been found to increase wilting in the 
presence of Fusarium oxvsporum and Fusarium avanaceum in 
clover plants (Slkora, 1977). In a similar report, Edward & 
Singh (1979) found the greater damage in pigeonpea due to 
association of Heterodera caiani with Fusarium udum while on 
the other hand, no relationship was observed by Gill & Swarup 
(1977) on barley plants in the form of interaction between 
H . avenae# Fusarium moniliformae and Helminthosporium 
qramlneum. Similarly it was not found in another nematode 
species. The synergistic relationship between Heterodera 
cajani and Fusarium udum was established on pigeonpea and 
caused severe wilting while this relationship was not noticed 
between udum and three ectoparasitic nematodes, viz., 
Tylenchorhvnchus vulgaris > Helicotylenchus indicus and 
Hoplolalmus Indicus as reported by Hasan (1984) . The 
synergistic relationship was also not found by Jorgenson 
(1970) who successfully controlled the sugarbeet disease 
caused by Heterodera schachtij and F . oxysporum by their 
antagonistic behaviour and realised that this interaction was 
disadvantage to the nematode. The fungus inhibited the 
nematode invasion and decreased its population resulting less 
damage. Another cysl nematode, Globodera tabacum did not 
develop relationship with Fusarium spp. on tomato and thus 
reduced the disease intensity and soil population of Fusarium 
oxvsporum too (Miller, 1975). 
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Semi-endoparasitic nematode also becomes involved with 
the wilt-fungusr Fusariurn oxvsporum. Such type of association 
was seen by Neal (1954). The association of Rotvlenchulus 
reniformls and Fusarium, developed wilt symptoms in 
susceptible cotton var. Half-and-Half, however, little wilt 
developed in resistant var. Delfos 425-920. 
Nematodes other than sedentary endo and seroi-
endoparasites have also been found capable of forming disease 
complexes with Fusarium-wilt fungi (Powell, 1963). The sting 
nematode, Belonolaimus gracilis is as efficient as root-knot 
nematode, J^. incognita which promoted wilt in the cotton 
caused by F . oxysporum f . vasinfectum as reported by Cooper & 
Brodie (1963). Holdeman & Graham, (1952, 1953, 1954) while 
working on disease complex of cotton involving Belonolaimus 
longicaudatus with Fusarium found that the wilt resistant 
variety Goker-100 and a wilt susceptible variety had 41-80% 
and 52-95% wilt respectively. Thus the sting nematode has 
broken the resistance in the cotton varieties in the presence 
of the fungus. The two populations (North Carolina and 
Georgia) of Belonolaimus longicaudatus, M . incognita and 
Hoplolaimus galeatus caused a greater amount of wilt on 
wilt-susceptible "Rowden Cotton" in the presence of F . 
oxvsporum f . vasinfectum. However, the combination of NC 
populations of B . Longicaudatus with Fusarium promoted 
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greatest wilt development than either population of H . 
qaleatus and M . incognita (Yang ^ , 1976) . 
Ectoparasitic nematodes also took part in the wilt 
expression with Fusarium oxvsporum, however, their 
association caused different symptoms than their sedentary 
counterparts. The association of Hoplolaimus uniformis, a 
migratory ectoparasite, and F. oxvsporum f. pisi caused early 
yellowing and root-iot rather than wilt on peas (Labruyere ^ 
al. 1959). Similaily, another such type of nematode, the 
tobacco stunt nematode, Tvlenchorhynchus claytoni was found 
quite capable of increasing the wilt caused by F. oxysporum 
f . nicotianae in the susceptible varieties of flue-cured 
tobacco (Holdeman, 1956). Vargas & Laughlen (1972) reported 
that the association of Fusarium roseum and Tylenchorhynchus 
dubius caused Fusarium blight on Po^ pratensis. 
The top growth of maize plants was reduced due to 
combined effect of Hoplolaimus indicus and Fusarium 
moniliformae as examined by Nath ^ (1974). However, on 
the other hand, Sh^nmugam ^ (1977) found suppressed 
root-growth of Go.'^svpium hi rsutum in the presence of 
Hoplolaimus seinhorsti and £ . oxysporum f. vasinfectum. 
Limited number of reports are also available with 
respect to the Fusarium-wilt fungi and migratory 
endoparasitic nematodes. Oyekan & Mitchell (1971) worked on 
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pea var. 'Wisconsin* and found wilt symptoms 3 days after 
simultaneous inoculation with Pratylenchus penetrans and 
F. oxysporum f . pisi, However, antagonistic effect of 
F . solani on P . penetrans population was noticed by Mouza & 
Webster (1982), but the combination of F . oxysporum f. 
medicaqinis and P . penetrans decreased the top weight of 
Lucerne. 
Verticlllium spp. cause vascular wilt disease similar 
to that caused by Fusarium; since these two pathogens heavily 
settle in vascular system of the plants, it becomes 
impossible to distinguish these two diseases by symptoms in 
certain crops such as on cotton. The root-knot nematode, 
M . incognita also involves in disease complex with 
Verticlllium spp.j "the incidence of disease was increased in 
the presence of. M . incognita» stubby root nematode, 
Trichodorus chrlstlei and Verticillium albo-atrum. However, 
no significant increase was observed in tomato with M. 
incognita (Conroy & Green 1974) . The work of Overman i, Jones 
(1977) also gave the similar result in tomato with 
inoculation of Verticillium albo-atrum, M . incognita, 
Criconemoides spp. or B . longicaudatus. While, Shoemaker & 
Barker (1979) found no synergistic effect of M . incognita and 
Verticillium-wilt on tomato. 
The VeyticiIlium-wilt also Increased in the presence of 
hapla on potato (Jacobsen et §i.,1979) and incognita 
with Verticillium dahliae on cucumber plants (Costache et 
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al.fl978). The resistant variety of Solanum sisymbrifolium 
lose resistance due to the combined effect of Verticillium 
and M . incognita as reported by Fassuliotis & Dukes (1972). 
V^rticillium-wilt development is often influenced by the 
presence of plant-parasitic nematodes and migratory forms 
have been most incriminated. Simon (1957) was first to 
suspect that certain migratory endoparasitic nematodes 
promoted VerticiIlium-wilt of hops. Apart from this, the 
work with VerticiIlium-wilt nematode complexes involved 
primarily on cotton, tomato, eggplant and pepper were also 
reported (Mountain & Mckeen, 1962; Olthof & Reynes, 1969) . An 
important relationship exists between P. penetrans and a 
fungus, Verticillium spp. in pippermint (Bergeson, 1963), 
eggplant (Mountain & Mckeen, 1960) and potato (Morsink & 
Rich, 1968) . Their association caused greater damage than 
either pathogen alone. On the other hand, Conroy et 
a l . (1972) used different inoculum densities of P. penetrans 
with Y* albo-atrum in tomato which resulted in positive 
interaction to cause a damage even at low inoculum density. 
However, the additive effect was noticed by the association 
of P . penetrans and Verticillium spp. on Chrysanthemum, 
Impatiens and Linum usitatissimum (Cooseman, 1979). 
A noticeable reduction in incubation period was seen by 
Bergeson (1963) due to combined infection of P. penetrans 
and Verticillium albo-atrum on pippermint, which thus 
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increased rapid disease development. While Pratvlenchus 
minyus and Verticillium spp. increased the severity of wilt 
incidence and their association reduced the incubation period 
for Verticillium-wilt (Faulkner 6. Scotland, 1965). 
The optimum temperature for wilt symptoms on pippermint 
was noted by Faulkner & Bolander, (1969) where it changed due 
to their association of Verticillium dahliae and P. minyus. 
Although nematode promoted wilt incidence in all temperatures 
but the optimum temperature for disease development was 24°C. 
It has been changed to 27°C when both pathogens were present 
together, however, the fungus apparently changed the optimal 
temperature for nematode reproduction. 
Muller (1977) demonstrated the interaction of five 
species of pg^tyA^nchus with VectigjUXiuni albo-atgum using 
Impatiens balsamina as a host plant; only the combinations of 
V . albo-atrum with P . penetrans or P. vulnus induced the wilt 
symptoms, whereas the P . crenatus, P . fallax or P . thornei 
could not do so, though all the five species of Pratvlenchus 
penetrated the young seedlings of 1. balsamina. Burpee & 
Bloom (1978) used three potato cultivars 'Kennebec', 
'Katahdin' and 'Abnaki' which did not follow the same rule by 
the combined infection of P. penetrans with Verticillium spp. 
Among 'Katahdin' plants the severity of foliar symptoms 
increased in the presence of both pathogens, whereas in the 
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susceptible cultivar 'Abnaki' there was no effect on foliar 
symptoms. 
An other wilt causing organism was also identified 
which becomes destructive to plants in the presence of 
plant-parasitic nematodes. The black-shank of tobacco caused 
by Phytophthora payaajtica var. nicotianae is a wilt disease, 
although root-decay is also an important part of the disease 
syndrome. The fungus is a very aggressive pathogen and causes 
rapid death in susceptible cultivars. Tisdale (1931) was the 
first to observe that black-shank resistance in certain 
tobacco lines was reduced in the presence of root-knot 
nematode. The resistance of tobacco cultivars was broken in 
the presence of root-knot nematode and black-shank fungus, 
Phytophthora parasitica f . nicotianae causing the wilt in 
addition to root-decay (Sasser 1953, 1955 and Moore 
^ 1956). Inspite of this Moore ^ al. (1956) found 
that root-knot nematode, Meloidogyne spp., root lesion 
nematode Pratylenchus spp. and stunt nematode, 
Tylenchorhynchus claytoni appeared to have influenced the 
development of black-shank symptoms. Powell & Nusbaum (1960) 
found that the resistance in black-shank resistant tobacco 
varieties 'Dixie Bright-101' and 'Coker-139' were broken 
down genetically with Meloidogyne incognita incognita and 
Meloidogyne incognita acrita. Histopathologicai studies 
revealed that hypertropic and hyperplastic regions were 
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formed alongwith gall tissues and that the giant cells seemed 
highly sensitive to infection. 
The black-shank fungus also interact with another 
sedentary endoparasitic nematode and in this regard Adeniji 
et a l . (1975) found the relationship of Heterodera glycines 
and Phvtophthora megasperma f . soiae in soybean (Glycine 
max); seedling diseases were more severe in the Pms 
susceptible cultivars 'Corosay & Dyer' than resistant 
varieties to Pms. However, Phytophthora megasperma f. soiae 
significantly reduced the population of Heterodera glycines 
on roots of susceptible variety 'Corosay' (Adeniji, 1977). 
The root-lesion nematode, Pratvlenchus brachyucus also 
interact with this fungus. P. brachyurus increased the 
severity of black-nhank in the presence of phytophthopa 
parasitica f. nicotlanae in susceptible variety (Nicotiana 
tabacum) 'Hicks' v/hen inoculated simultaneously or when 
nematodes were inoculated one week before the fungus 
inoculation (Inagaki & Powell, 1969). Graham (1958) worked 
with HI. incognita acpjt^, Pratvlenchus b o s h m L t i S , 
Pratvlenchus brachvurus and Tylenchorhvnchus claytoni in 
combination with black-shank fungus. Only the plants 
inoculated with M . incognita acrita and the fungus developed 
severe black-shank symptoms. The other nematodes do little 
with black-shank fungus. 
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2 . Interaction between nematodes and root-rot fungi: A 
The root-rot fungi constitute another category of 
pathogens where considerable work has been carried out- with 
respect to their interactions with plant-parasitic nematodes, 
though not to the extent of wilt fungi - nematode complexes. 
Steiner (1942) for the first time realised and discussed the 
importance of root-knot nematode with respect to plant 
necrosis in the presence of root-rot fungi. 
The combined effect of root-knot nematode, Meloidoqyne 
incognita acrita and the root-rot fungus, Pythium 
qraminicolum reduced top growth of sugarcane (Apt & Koike, 
1962). Littrell & Johnson (1969) noted that the association 
of M . incognita, Belonolaimus longicaudatus with Pythium 
aphanidermaturn reduced plant growth and increased severe 
root-rot in Chrysanthemum cv. 'Iceburg'. The growth 
retardation or root deterioration was observed also in 
Dichondra repens by the interaction of Meloidoqyne ipcogpi^a 
with Pythium ultimum and Rhizoctonia solani (Radewald et al•, 
1974). Garcia & Mitchell (1975) reported increased severity 
of pod-rot of peanut when Pythium myriotvlum, Fusarium sojLani 
and M . arenaria were present together. Several reports are 
also available where fungus reduced the resistance against M . 
incognita in resistant cultivars. The three cultivars of 
tomato infected with Rhizoctonia s o l a n i S c l e r o t i u m roJLfsiJ, or 
Verticillium rolfsii lost the resistance to M . incognita 
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(Hasan & Khan, 1985). Another study by Hasan (1985) also 
found that some of the cultivars or lines of chilli which 
showed some resistance in the glass house condition to root-
knot nematode were found to lose it under field condition. 
Rhizoctonia solani and Pythium aphanidermatum were 
responsible in the breakdown of resistance in Jawala and 
Longthin Faizabadi to this nematode. 
Golden & Van Gundy (1972) found that M . incognita 
together with Rhizoctonia solani and Thielaviopsis basicola 
changed the permeability of tomato roots resulting increased 
leakage of electrolytes and organic compounds. The 
interesting feature v/as also found by Van Gundy ^ a_l. (1977) 
that the root-exudates and other nutrient metabolities 
secreted from M . incognita infected galled tissues of tomato, 
which caused severe root-rot in association with Rhizoctonia 
solani. The root-knot nematode, Meloidogvne incognita has 
been found capable to predispose the plants for secondary 
infection resulting greater damage to the plants by way of 
root-decay. Powell (1971) reported that Meloidogyne incognita 
predisposed flue-cured tabacco to Pythium ultimum when 
nematode preceded the fungus inoculation. Furthermore, it was 
also reported that the fungus colonised the galls more 
readily and rapidly.In this w a y , Melendez & Powell (1970) 
critically analysed the M . incognita - P . ultimum complex in 
tabacco in carefully controlled experiments and these tests 
confirmed that necrosis occurred only when the fungus 
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followed M . incognita by four weeks. Plant roots failed to 
develop decay in the presence of either of the pathogen 
alone. Similarly Nava (1970) found decay in tomato roots only 
when they were exposed to M . incognita and either of 
Rhizoctonia solani and Pythium ultimum. All the test 
pathogens failed to cause root decay when inoculated singly. 
!?• incognita was found to have predisposed the tomato roots 
when added several weeks ahead of fungi. The resulting 
necrosis was extensive and rapid. Histological studies 
confirmed the presence of fungus mycellium in nematode galled 
area including giant cells and the adjacent tissues. In the 
roots when both R . solani and P . ultimum were present 
alongwith M . incognita # R . solani appeared to be more 
aggressive than P . ultimum and gradually becames dominant in 
galled tissues. In a similar study, Kushner & Crittenden 
(1967) noted that the decay in alfalfa roots due to Fusarium 
rOSeuro or F . oxysporum f . batatus became more severe in the 
presence of M . jl^ncogpita actita. 
There are certain studies where reduction i r' plant 
growth was found maximum when both the pathogens were 
inoculated simultaneously. The association of Rhizoctonia 
solani and root-knot nematode, M . incognita caused maximum 
reduction in plant growth in okra (Chhabra ^ al.., 1977), 
frenchbean and okra (Reddy ^ , 1979), gram (Nath & 
Dwivedi, 1981) and potato (Sharma & Gill, 1979). Kanwar e^ 
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a l . (1987) received the similar trend in simultaneous 
inoculation of Meloidoavne iavanica with Rhizoctonia solani 
on cowpea, while Zaidi & Tiyagi (1989) found maximum plant 
damage in simultaneous inoculations of M . incognita and F. 
solani on chilli. 
The root-rot lesion increased in the roots of Kenaf 
(Hibiscus cannabinus) when M . iavanica and Macrophomina 
Phaseoli were inoculated simultaneously (Tu & Chang, 
1971),while Alfieri & Stokes (1971) noted leaf chlorosis and 
abscission, twig die back, stunting, reduction and necrosis 
of roots in Legustrum iapanicum when M . iavanica and M. 
phaseolina were inoculated simultaneously. The root-knot 
nematode, IJ. hapla and root-rot fungus, Macropo§thonia adnata 
together were more damaging to Cvlindrocladium crotalariae 
(Dimonde & Bente, 1981). Whereas the simultaneous inoculation 
of Phomopsis vexans and root-knot nematode was reported by 
Khan ^ (1980) in the form of extensive root-decay, 
collar rot and fruit-rot in brinjal. There was significant 
reduction in the weight of ginger when M . incognita and 
Pythium mvriotvlum were present atogether (Lanjewar s shukla, 
1986) as compared with either of them alone. 
The root-rot of soybean caused by Phytophthora soiae was 
found to be more severe in the presence of M . hapla rather 
than in its absence (Wyllie & Taylor, 1960). Book Binder & 
Bloom (1977) found reduced fresh weight of shoot and root of 
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soybean due to combined effect of M . incognita and Uromvces 
phaseoli« The heavy damage was noticed in the presence of M . 
arenai;ia> M . hapla and Aspergillus flavus on peanut by Minton 
& Jackson (1967) which increased the invasion of other soil 
inhabilting fungi, while on the other hand, the two fungi, 
Cylindrocladium crotalariae and Sclerotium rolfsij when 
combined together caused heavy damage to soybean in the 
presence of M . incognita (Hedrick & Southards, 1976). 
The ability of root-knot nematodes to predispose the 
plant roots for fungal attack is one of important factors 
responsible for increasing the severity of the diseases. The 
maximum reduction was observed when root-knot nematode 
preceded the fungus 2 weeks or 4 weeks by several workers. 
Powell & Batten (1967) noted that the combined and individual 
infection of Pythium ultimum, Rhizoctonia solani and 
Trichoderama harzianum caused no significant damage to 
tobacco plants but extensive damage was observed when M . 
incognita was inoculated prior to these fungi . Similar 
results were also obtained by Batten & Powell (1971) on 
tobacco; root-rot was more extensive when M . incognita 
preceded Rhizoctonia solani by 10 days or 21 days than when 
simultaneous inoculation or separate or when R . solani was 
added after artificial wounding. Similarly in sugarbeet M . 
incognita, Pythium ultimum and Rhizoctonia solani were found 
to reduce growth of seedlings but the maximum reduction was 
seen where plants were inoculated with M . incognita followed 
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by P . ultimum or R . solani or P . ultimum + R . solani 
(Pandey, 1984). The significant damage in chickpea was 
reported by Kanwar et (1987) when n e m a t o d e , M . iavanica 
preceded the root-rot fungus, Rhizoctonia solani. Similar 
result was obtained by Al-Hazmi (1985) that severity of 
root-rot of frenchbean (Phaseolus vulgaris) was increased 
when the nematode, M . incognita was inoculated 2-weeks before 
the fungus, Macrophomina phaseolina. Sakhuja & Sethi (1986) 
reported an interaction between M . iavanica, F . solani and 
Rhizoctonia bataticola on groundnut. Nevertheless, the 
pathogens caused significant plant damage but the maximum 
damage was observed when root-knot nematode preceded to 
either or both the fungi. Although in each case the root-knot 
nematode was the most sufferer as its multiplication rate 
was affected by the presence of the fungi. 
The root-knot nematodes have the ability to predispose 
the plants to even non-aggressive or non-pathogenic tungi to 
settle or colonise. There are certain soil-borne fungi that 
are not regarded as pathogens of tobacco crop, e.g., 
Curvularia tyifolij, Botrytis cinerea, M p e r g i l l u s 
ochraceus, Penicillium martensii and Trichoderma harzianum. 
In an experiment, Powell ^ a l . (1971) noted that root-
destruction by any of these fungi in the presence of 
M . incognita was as great as caused by pathogenic tunqi under 
similar conditions. Similarly, Trichoderma having a very poor 
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"pathogenic reputation" on any host, becomes pathogenic when 
tobacco roots are infected first with M . incognita. Under 
these conditions, the syndrome is comparable to necrosis 
resulting from the combination of Pythium with M . incognita 
(Melendez & Powell, 1969). 
In addition to this, Hefner (1967) reported that "soil 
run" nematodes, most of which were non-parasitic on cotton 
seedlings, increased the damage by different soil inhabiting 
fungi especially at low temperatures; Meloidogyne incognita 
acgifca predisposes cotton seedlings to several fungi 
including, Alternarla tenuis, F . oxysporum f . vasinfectum, R. 
solan! and Glomerulla gossypji (Couquil & Shepherd, 1970). 
They found that effect of each combination to be synergistic. 
Another type of sedentary endoparasite similar to 
root-knot nematodes, the cyst nematodes which induce 
syncytial development also have the capability of interacting 
with certain fungi to increase root-decay. Roots of sugarbeet 
seedlings are damaged by a complex of Heterodera schachtii 
and Rhizoctonia solani (Polychronopoulos et , 1969). The 
nematode induce the wounds which facilitate subsequent 
penetration and colonization by the fungus. Seedling symptoms 
characterised by softening and decay of tissues develop 
rapidly after infection by both the pathogens. 
Polychronopoulos ^ a l . (1969) also studied histology of this 
interaction and found that giant cells resulting from the 
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infection of JJ. schachtii as well as the adjacent areas 
provide a highly suitable substrate for the fungal growth. 
Synergistic relationships on sugarbeet seedings due to the 
interaction of Rhizoctonia solanl and Heterodera schchtii 
were reported by Price & Schneider (1965) and 
Polychronopoulos (1970). Whitney & Doney (1973) also reported 
synergistic interaction between the cyst nematode, H. 
sctij^chtii, and the fungi, Rhizoctonia solayij, atramentagjum 
and Aphanomyces cochlioides in causing root-rot of sugarbeet, 
whereas the Heterodera schachtii together with Pythium 
ultimum caused severe root-rot in sugarbeet as reported by 
Whitney (1974) . 
A disease complex involving Globodera rostochiensis and 
RhAizffPtPnjlfl ^tyamgntagj-uni was noted 
in tomato by Dunn & Hughes (1964) and Dunn (1968). 
C . atramentarium caused brown root-rot in tomato and this 
reduction became maximum when G . rostochiensis was inoculated 
prior to the fungi, Rhizoctonia solani or Colletotrichum 
atramentarium, while James (1968) failed to observe any 
influence of G . rostochiensis on disease caused by 
C . atramentarium. The jointly infected tomato roots with 
G . rostochiensis and the grey-sterile fungus showed 
deformation of giant cells and nematode larvae failed to 
develop into adult. However, the typical giant cells were 
produced on plants inoculated with only nematodes (Ray 1968). 
In another study Dunn (1968, 1970) observed significant 
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reduction in tomato plants when G . rostochiensis was added 
prior to the fungi, R . solani and C . atramentarium. Similar 
results were obtained by Roy (1977) where G . rostochiensis 
followed by Rhlzoctonia solani caused greater growth 
reduction in tomato cultivar "Ailsa Graig". 
The semi-endoparasitic nematodes also took part with the 
root-rot fungi, Kumar & Sivakumar (1981) studied the 
interaction between the reniform nematode, Rotvlenchulus 
reniformls and Rhizoctonia solani on okra. The reduction was 
found maximum when nematode inoculation preceded the fungus 
inoculation. Root-decay caused by Fusarium solani in lemon 
increased in the presence of Tvlenchulus semi-penetranes, 
however, this did not occur with Fusarium oxvsporum (O'Bonnon 
et a l . , 1967). He also studied the effect of temperature on 
these interactions. At certain temperature (20-25OC) growth 
reduction due to nematodes alone was as great as resulting 
from combined inoculation. However, Van Gundy & Tsao (1963) 
observed that the growth of citrus seedlings retarded more 
with the combination of Fusarium solani and citrus ar^isidtode, 
Tylenchulus semi-penotrans than either pathogen alone. 
The migratory ectoparasitic nematodes have also been 
found involved in disease complexes with many rot-rotting 
fungi. Labruyere et (1959) noticed the "Early yellowing" 
disease and root-rot of pea in the presence of Hoplolaimus 
unlforniis and F . oxysponum f . pisi. The earlier root-rot 
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symptom was developed in Chrysanthemum roots when inoculated 
with Belonolaimus lonaicaudatus and Pvthium aphanidermatum as 
compared to the inoculation with the fungus alone as reported 
by Littrell & Johnson, (1969). Liu & Ayola (1970) also found 
a positive interaction between Trichodorus christiei and 
Fusarium moniliformae on sugarcane but infection by Fusarium 
roseum apparently was not influenced by T . christiei. In a 
similar study, Kisiel ^ a l . (1969) found that T . aaricola 
promoted the corn root-rot caused by F . roseum but not the 
one caused by Pythium ultimum. 
Migratory endoparasitic nematodes particulalry species 
of Pratylenchus have also been found involved in certain 
root-rotting complexes. In fact, some of the earliest report 
were those of Mountain & Benedict (1956) and Benedict & 
Mountain (1956) on root-rot of winter wheat in Canada, in 
which Pratylenchus minvus had interaction with Rhizoctonia 
solanj causing significant reduction in wheat growth. 
Although Hendrix g i a l . (1965) found no definite intoraction 
between Pratylenchus and Pvthium associated with a large 
percentage of peach trees suffering from peach declinc but 
the presence of Criconemoides spp. and Tvlenchorhvnc.hus spp. 
was needed for this condition. The interesting work of Edmund 
& Mai (1966) have shown that Pratylenchus penetrans and 
Trichoderma viridae caused more reduction in root and shoot 
growth in both alfalfa and celery than either pathogen alone. 
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even though Trichoderma was not recognised as an important 
pathogen. At certain temperatures, Pratvlenchus scribneri and 
Fusarium monlliformae caused greater reduction of corn fresh 
weight than either pathogen alone (Palmer ^ al., 1967). 
Although, Olthof (1968) did not found any alteration in 
resistance of hurley tobacco to P . penetrans # but the black 
root-rot caused by Thielaviopsis basicola seems to exercise 
some effects on root-penetration by nematodes. The combined 
effect of Pratylenchus hexincisus and Macrophomina phasgolj 
caused severe root-rot in sorghum as compared to the root-rot 
caused by fungus alone (Norton, 1958) while, on the other 
hand, Santo & Holtzmann (1970) found reduced top and root 
growth of sugarcane when Pratylenchus z^ae and Pythium 
qraminicola were inoculated simultaneously. Although, both 
were present in the same lesion but effect of each appeared 
independent and additive. The severe rot symptoms were 
developed when nematode was added seven days prior to P. 
qraminicola. HoweveT, similar effects of Pratvlenchus 
brachyurus and Pythium qraminicola was found in the form of 
reduced top and root-growth of sugarcane. Miller & 
Anagnostakis (1977) found a significant reduction in the 
population of Pratvlenchus penetrans and Tylenchorhynchus 
dubius by a weak pathogen, Trichoderma viridae because it 
showed antagonistic behaviour to these nematodes. 
The migratory endoparasitic nematode also took part with 
black-shank fungus for root-rot of tobacco crops. The 
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synergistic relationship was observed by Inagaki & Powell 
(1969) on susceptible varieties of tobacco between 
Pratylenchus brachyurus and Phytophthora parasitica f. 
nicotianae. The severe black-shank symptom was noted when 
both the pathogens were inoculated simultaneously than 
nematode preceded the fungus while Mc-Intyre & Miller (1978) 
on the other hand, reported an antagonistic interaction 
between P . parasitica f . nicotianae and P . penetrans on 
tobacco. 
Another endoparasitic nematode also involve in the 
disease complex with root-rot fungi. Radopholus similis, 
widely infecting banana plant, is known as burrowing 
nematode, A study by Stover (1966) revealed that R . similis 
was characteristically associated with Fusarium solani which 
was isolated much more frequently from deep root lesion than 
Rhizoctonia, while on the other hand, Rhizoctonia occurred 
more frequently than F . solani in shallow lesion caused by 
Heljcotylenchus spp. 
3 . Interaction between nematodes and seedling diseases: 
It is very difficult to differentiate between root-rot 
diseases from seedling diseases on the basis of symptoms and 
nature of infection which are quite similar in both the 
cases. However, the differences are based on the stage of the 
plant at the time of infection and disease development. In 
the seedling diseases, as in root-rot and wilt diseases. 
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nematode-fungus combination brings about more damage to the 
plants. Under green house condition, the citrus nematode, 
Tvlenchulus semipenetrans interact with Fusarium solani 
resulting greater damage of citrus seedlings than caused by 
either of the pathogen alone (VanGundy & Tsao, 1963). 
Rhizoctonia solani is responsible for damping-off of 
seedlings in several crops, the intensity of which is 
increased in the presence of nematodes. Post emergence 
damping-off of cotton seedlings was more severe in the 
combined inoculation of Meloidogyne incognita acrita and 
Rhizoctonia solani as reported by Reynolds & Hansen (1957). 
Similarly Carter (1981) noticed that the severity of cotton 
seedlings increased when M . incognita was inoculated 
simultaneously with Rhizoctonia solani and suggested that 
nematode provided additional penetration sites for the 
fungus. 
Norton (1960) studied the pre-emergence damping-off of 
cotton caused by oxysporum f . vapingegt-um. PyfchiurB 
debarvanum and Rhizoctonia solani which showed more 
destruction in the presence of M . incognita ac?;lta. The 
root-knot nematode, Meloidogyne incognita acrita has been 
found to predispose the cotton seedlings to various fungi as 
seen by Cauquil & Shepherd (1970), the severity of cotton 
seedlings increased when this nematode was inoculated 
simultaneously with Alternaria tenuis, F . oxysporum f. 
vasinfectum. Glomeruli a gossypii and Rhizoctonia solani. The 
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association of both the nematode, M . javanica and M . hapla 
increased the pre-emergence damping-off of soybean seedlings 
in the presence of Rhizoctonia solani (Taylor & Wyllie, 
1959). While Powell & Batten (1967) observed the significant 
damping-off of tobacco seedlings with the inoculation of 
Rhizoctonia solani and Pythium s p p . , but their simultaneous 
inoculation with M . incognita showed greater damage. Though 
separate and simultaneous inoculation of Coffea arablca 
seedlings with Meloidoqyne exiqua and R . solani caused less 
root-necrosis as reported by DeSouza (1978) , but more damage 
was reported when M . exiqua preceded B* solani inoculation. 
The wounds caused by different forms of nematodes 
plusinfection by one or more fungi leads to serious damage to 
the plants. Cotton seedlings grown in soil infected with 
either of M* arenaria, M . hapla. M . incognita, Rotylenchulus 
reniformis and Hoplolaimus tylenchiformis become susceptible 
to Rhizoctonia solani for longer duration compared to those 
grown in the absence of nematodes. Similarly the susceptible 
period was prolonged by M . incognita or M . hapla for the 
attack of Pythium debaryanum (Brodie & Cooper, 1964). They 
also, on the other h a n d , found that Tvlenchorhvnchus claytoni 
and Trichodorus christiei did not lengthen the period of 
susceptibility to either of the fungi. 
The root-knot nematodes have a wide range of host and 
also have capacity to interact with different fungul species 
on various crop plants. Synergistic effect of root-knot 
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nematode, M . incognita and Sclerotium rolfsii on the seedling 
emergence of tomato was reported by Shukla & Swarup 
(1971)/similarly simultaneous inoculation with a fungus, 
Ozonium taxanum f . parasiticum gave synergistic effect by 
reducing the germination of seeds of eggplant (Nath e ^ al., 
1976). Seedling mortality in okra was observed by Chhabra 
et a l . (1977) with simultaneous inoculation of Rhizoctonia 
solanj and Meloidogyne incognita. The combined effect of M . 
incognita and Rhizoctonia bataticola inhibited the seed 
germination of eggplant and okra (Chhabra & Sharma, 1981). On 
the other hand, Agarwal & Goswami (1973) noticed that 
simultaneous inoculation of M . incognita and Macrophomina 
phaseoli as well as nematode preceding the fungus resulted 
in greater seedling irortality of soybean. Book Binder & Bloom 
(1980), however, found more growth reduction of bean's shoot 
and root weight with the association of J;}. Incpgnita and 
Uromvces ph^seo3,jl. 
The cyst nematode, Heterodera spp. also caused 
significant growth reduction in the presence of some fungi. 
The synergistic effect was seen by Whitney (1971) on 
sugarbeet seedling damping-off when Heterodera schachtii and 
Pvthium ultimum were present together, similarly, Adeniji 
(1977) found cultivars of soybean 'Corosay' and 'Dyer' more 
susceptible in the presence of Heterodera glycines and 
Phvtophthora megasperma f . sojae than with either of the 
pathogen alone. 
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Migratory endoparasitic nematodes play an important part 
in seedling disease - complexes with many fungi and cause 
considerable damage to the plants. The harmful effects were 
observed on alfalfa by Edmund (1964, 1968) when plants were 
inoculated with Pratvlenchus penetrans in the presence of 
Trichoderma vlride and Fusarium oxysporum. Udagava & lyatome, 
(1972) observed that Pratvlenchus penetrans enhanced the 
penetration of F . oxvsporum f . cucumerinum in cucumber 
seedlings roots. Whereas other forms of nematode species 
caused more damage to the plants in addition to migratory 
endoparasite with soil inhabiting fungi. Ndubizu (1977) found 
that association of Pratvlenchus penetrans, M . hapla or 
Tylenchorhynchus claytoni with Verticillium dahliae resulted 
in greater growth reduction of cherry seedlings than that 
caused separately. The additive/synergistic effect was 
obtained by Martin et arl. (1981) with Verticillium dahliae 
and P . penetrans in different combination. Their association 
accelerated the symptom expression with increased severity 
of VerticiIlium-wilt resulting in early dying. 
The ectoparasitic nematodes also promote the seedling 
mortality with association of certain fungi. Wehunt & Weaver 
(1972) observed that Hoplolaimus galeatus, Tylenchorhynchus 
claytoni or Criconemoides xenoplax predisposed peach 
seedlings to Fusarium oxvsporum resulting more growth 
reduction while Sclerotium rolfsii caused seedlings blight of 
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rice in the presence of Hoplolaimus indicus (Ramana, ^ al., 
1974) . 
NEMATODES ROOT-NODOLE BACTERIA INTERACTION: 
Miller (1951) was first to observe the inhibition of 
nodulation on roots of pea due to root-knot infection. Since 
then there have been several reports about the inhibition in 
root-nodulatlon due to root-knot nematode infection, e.g., 
Meloidoqyne incognita on mungbean, Phaseolus aureus (Hussaini 
& Seshadri, 1975) and soybean (Balasubramanian, 1971; 
Srivastava ^ al-/ 1974; Hussey & Barker 1976; Baldwin ^ 
a l . , 1979); M . hapla on hairy vetch (Malek & Jenkins, 1964) 
and soybean (Balasubramanian, 1971); M . iavanica on white 
clover (Taha & Raski, 1969), soybean (Balasubramanian, 1971) 
and mungbean, Viqna ladlata (Bopaiah a i . , 1976a). 
Robinson (1961) observed that the larvae of root-knot 
nematode,. Meloldogyne iavanica attack the root-nodule of 
Viqna unquiculata and Steilobium spp. at different stages of 
the nodular development with the preference for younger 
nodules. In another report, number of nodules of soybean 
(Glycine max) per plant was reduced significantly even at low 
inoculum level of M . iavanica (10 larvae / kg soil); when 
inoculum level was increased there was a reduction in the 
growth (Srivastava et 1979). Pod formation was also 
affected by increasing the Inoculum level. 
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The reduction in root-nodulation, anatomical changes in 
the nodules and altered physiology of mungbean caused by M. 
incognita was observed by Hussaini & Seshadri (1975). The 
nematode hampered nitrogen-fixation with significant decrease 
in weight of the plants. The symbiotic process of mungbean 
was adversely affected by the infection of Meloidogyne 
incognita (Singh et ^ . r 1977). The root-galls were observed 
on nodules at the rate of 1000 nematode/ p o t . There was 
corresponding decreased in chlorophyll content, number of 
nodules and nitrogen content of grain with an increase in the 
inoculum level of M . incognita both in the presence and 
absence of Rhizobium phaseoli. Raut (1980) and Raut & Sethi 
(1980) found a progressive decrease in growth of mungbean 
and soybean respectively where inoculation level of 
Meloidogyne incognita increased. The nodule reduction took 
place in both the seasons in case of soybeans plants. Whereas 
nitrogen-fixing capacity was also affected in mungbean 
variety "PIMS-I". . The antagonistic interaction between 
Meloidogyne incognita and Rhizobium leguminosarum on cowpea 
was observed by Ali ^ aJL. (1981) . M . incognita reduced 
nodulation and inhibition of nitrogen-fixation by about 63% 
in the nodular tissues. Infected nodules contained different 
developmental stages of the nematodes but the nematode did 
not alter the structure of nodules. However infected nodules 
deteriorated earlier than the uninfected ones. 
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The nitrogen-fixation and nitrogen content of mung, 
Viqna radiata was reduced by the inoculation of Meloidogyne 
lavanica (Bopaiah ^ al., 1976a). The deleterious effect of 
the nematode was observed when the plants were inoculated 
with nematode alone, simultaneously or 2-7 days preceding to 
Rhizobium inoculation. The prior inoculation of nematode to 
Rhizobium caused maximum reduction of nodules. While Taha & 
Kassab (1980) did not observe reduction in root-nodulation 
with simultaneous inoculation of Meloidogyne "iavanica and 
Rotylenchulus reniformis with Rhizobium on Viqna sinensis. 
howeverr nodule formation was found hindered only when R . 
reniformis preceded rhizobial inoculation. Nodules were also 
formed on M . javanica galls. 
The reduction in nodulation was also noted by Goel & 
Gupta (1986) on chickpea when inoculated simultaneously with 
M . iavanlca and B . bataticola. When the three pathogens, 
14. incognita, solani and pea mosais virus were inoculated 
simultaneously on pea, the nodulation was affected as 
reported by Hussain e_t a l . (1985), while Mani & Sethi (1987) 
acheived this phenomenon on chickpea by the simultaneous 
inoculation of M . incognita, Fusarium oxysporum f . clcerl and 
F . solani. 
The soil type also plays an important role for 
development of nodules in relation to nematode infection. 
Dhanger & Gupta (1983) observed the pathogenicity of 
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Meloidogyne iavanica to chickpea (Cicer arietinum) in 
relation to soil types, Rhizobium treatment, size of pots and 
time intervals. Pathogenicity of this nematode reduced in 
sandy loam soil than other soil» The growth parameters 
including nodulation increased significantly in sandy loam 
soil. Similar results were obtained by Sasser (1954), Sleeth 
& Reynold (1955) and Elmiligy (1968). Kanwar et a l . (1987) 
also studied the disease complex in relation to the soil 
type. Plant growth and nodules were better in loamy sand than 
other two types of soil, i.e., sandy soil and sandy loam 
soil. 
The cyst nematode, Heterodera spp. is very important 
pathogen which has reduced nodulation or nitrogen fixation in 
the plants. The pea plants infected with Heterodera 
qoettinqiana possessed few nodules (Oostenbrink, 1955) but 
application of nitrogen fertilizers compensated for the 
reduced nodulation in nematode infected plants. Also, the 
result of Barker ^ (1971) justified the application of 
Na NO3 or NH4 to soil, which reduced nematode hatch, 
penetration and cyst development of Heterodera glycines on 
soybean. Simultaneous inoculation of nodulating and non-
nodulating isogenic lines of soybean with Rhizobium and H. 
glycines reduced the cyst development especially on the 
nodulating lines. Simultaneous inoculation of Heterpdera 
glycines and Rhizobium laponicum also showed sufficient 
inhibition of nodulos in soybean (Barker et, 1972). 
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However, 14 days delay of H. glycines resulted in only slight 
to moderate inhibition in the nodulation. Ross (1969) found 
that Heterodera glycines affected the yield of non-nodulated 
soybean at different nitrogen levels and stated that 
H* glycines caused reduction in yield by inciting deleterious 
host responses that increased with nitrogen deficiency. 
Lehman al. (1971) while working with three races of 
Heterodera glycines (1, 2 and 4 of Golden ^ » 1970), 
found that in combination of race 1 of H . glycines + 
Rhizobium iaponicum there were fewer nodules per gram of root 
tissue and N-fixing capacity was less than with japonj.cum 
alone. Similar inocula (100, 200 and 400 crushed cyst) of 
races 2 and 4 had no effect. Nodule number and weight were 
inversely proportional to the increasing densities of race 1 . 
Taha & Raski (1969) while working on white clover noted 
that the infection caused by M . iavanica and Heterodera 
trifolii gave no harmful effect on number, size and structure 
of nedules formed by Rhizobium trjLfolii. Different 
inoculation period did not hinder nodule formation and their 
size did not differ in nematode-infected and nematod<?-free 
plants. Galls were also formed in the nodules but the 
structure of nodular tissue was not disturbed by nematode 
infection, even though giant cells were formed inside the 
vascular bundles. The nitrogen efficiency of the nematode 
infected nodule was not compared to nematode-free-nodules. On 
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the other h a n d , the invasion and reproduction of Acrobeloides 
buetschlii, a micro-bivorus nematode, inhibited nitrogen-
fixation in nodular tissues of "Wando pea" (Westcott & 
Barker, 1976). Histopathological studies revealed that large 
number of nematodes were found in the central portion of the 
nodules, where they were apparently feeding and reproducing 
on bacteriods. Nodule structure was changed due to this 
invasion of the nematode, although, this had no detrimental 
effect on growth and on number of nodules. Nitrogen fixation 
was generally deprf!ssed by 80-90% compared to plants with 
non-infected nodules. 
A seroi-endoparasitic nematode, Rotvlenchulus reniformis 
also reduced plant height and shoot and root weights of 
urd/black g r a m , Vigna munqo (Gupta & Y a d a v , 1979). Nodulation 
was also affected adversely. 
Most of the workers have reported suppression or 
inhibition of nodulation by plant-parasitic nematodes. 
However, stimulation of nodulation on leguminous p.ianis by 
parasitic nematodes was also reported by Hussey & Barker 
(1976). They studied the influence of Meloidogyne hapla, 
Pratylenchus penetrans and B . longicaudatus on nodulation of 
soybean. M . hapta and P . penetrans stimulated nodule 
formation, . while the sting n e m a t o d e , Belonolaimus 
longicaudatus slightly inhibited the n o d u l a t i o n . 
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PLAN OF WORK: 
It is clear from the foregoing account that plant-
parasitic nematodes and pathogenic fungi form specific 
relationships and cause greater losses to plants. Among 
leguminous plants, chickpea (Cicer arietinum) and mungbean / 
green gram (Phaseolus aureus) are grown fairly in large areas 
in this part of the country. These crops were found to be 
severely affected by Meloidogyne incognita, Rptvlenchulus 
reniformis, Fusarium oxvsporum f . ciceri, Macrophomina 
phaseolina.etc.«however, F . oxysporum f. ciceri was specific 
to chickpea and M . phaseolina to mungbean. since there is 
paucity of information regarding the pathogenicity, 
interrelationship and control of the above pathogens on these 
cropS/ it was considered worthwhile to investigate these 
aspects, for which following experiments were conducted: 
1. Effect of different inoculum levels of the root-knot 
nematode, Meloidogyne incognita on root-knot development, 
plant growth and related parameters of different cultivars of 
chickpea, Cicer arietinum in the presence and absence of 
Rhizoblum (Tables la, b ) . 
2 . Effect of different inoculum levels of the reniform 
nematode, Rotvlerchulus reniformis on nematode 
multiplication, plant growth and related parameters of 
different cultivars of chickpea, Cicer arietinum in the 
presence and absence of Rhizobium (Tables 2a, b ) . 
3 . Effect of different inoculum levels of the wilt-fungus, 
Fusarium oxvsporum f. ciceri on plant growth and related 
parameters of different cultivars of chickpea, Cicer 
arietinu^n in the presence and absence of Rhizobium 
(Tables 3a, b ) . 
4. Effect of individual and combined inoculation of 
Meloidogyne j.ncoqnita, Rotylenchulus reniformis and Fusarium 
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oxvsporuin f . cicerl on nematode multiplication, root-knot 
development, plant growth and related parameters of chickpea, 
Cicer arletlnum c v . K-850 in the presence and absence of 
RhjlzQbjLmff (Tables 4a, b) 
5 . Effect of individual and combined inocu.lat'.ton of 
Melo^dogyne incognita and Fusgriurn oxvsporum f . ciceri on 
nematode multiplication, root-knot development, plant growth 
and related parameters at different growth stages of 
chickpea, Cicer arietinum cv. K-856 in the presence and 
absence of Rhizobium (Tables 5a, b). 
6 . Effect of individual and combined inoculation of 
Rotvlenchulus rentformis and Fusarium oxvsporum f . ciceri on 
nematode multiplication, plant growth and related parameters 
at different growth stages of chickpea, Cicer arietinum cv. 
K-850 in the presence and absnce of Rhizobium (Tables 6a, b ) . 
7 . Effect of individual and combined inoculation of 
Meloidooyne Incognita and Fusarium oxysporum f . ciceri at 
different age of chickpea, Cicer arietinum cv. K-850 on 
nematode multiplication, plant growth and related parameters 
in the presence and absence of Rhizobium (Tables 7a, b). 
8 . Effect of individual and combined inoculation of 
Rotylenchulus reniformis and Fusarium oxysporum f . ciceri at 
different age of chickpea, Cicer arietinum cv. K-850 on 
nematode multiplication, plant growth and related parameters 
in the presence and absence of Rhizobium (Tables 8a, b). 
9. Effect of oil-seed cakes and nematicides on root-knot 
development, plant growth and related parameters of chickpea, 
Cicer arjetlnum c v . K-850 inoculated with Meliodoqyne 
incognita and/or Fusarium oxvsporum f . ciceri in the presence 
and absence of Rhizobium (Tables 9a, b). 
10. Effect of oil-seed cakes and nematicides on nematode 
multiplication, plant growth and related parameters of 
chickpea, Cicer arietinum cv. K-850 inoculated with 
Rotylenchulus genj,fQymis and/or Fus^yj,uiT\ <??;y3pQi;um f . cjceRj 
in the presence and absence of Rhizobium (Tables 10a, b ) . 
11. Effect of oil-seed cakes and nematicides in combination 
with normal/deep ploughing on the population of nematodes, 
frequency of fungi, plant growth and related parameters of 
chickpea Cicer ayietinum c v . K-850 in field (Tables 11a,b,c). 
12. Residual effect of different treatments given to the 
preceding crop (chickpea, Cicep ayietinum c v . K-850) on the 
population of nematodes, frequency of fungi, plant giowth and 
related parameters of the following crop (mungbean/green 
gram, Phaseolus aureus cv.K-851) in field (Tables lid, e , f ) . 
50 
13. Effect of different inoculum levels of the root-knot 
nematode, Meloidogyne incognita on root-knot development, 
plant growth and related parameters of different cultivars of 
mungbean/ green graia, Phaseolus aureus in the presence and 
absence of Rhizobium (Tables 12a, b ) . 
14. Effect of different inoculum levels of the reniform 
nematode«RotYlenchulu8 reniformis on nematode multiplication, 
plant growth and related parameters of different cultivars of 
mung bean/green gram, Phaseolus aureus in the presence and 
absence of Rhizobium (Tables 13a, b). 
15. Effect of different inoculum levels of the root-rot 
fungus, Macrophomina phaseolina on root-rot development plant 
growth and related parameters of mungbean/green gram, 
Phaseolus aureus in the presence and absence of Rhizobium 
(Tables 14a, b ) . 
16. Effect of individual and combined inoculation of 
Meloidogyne incognita, Rotylenchulus reniformis and 
Macrophomina phaseolina on nematode multiplication, root-knot 
development, root-rot development, plant growth and related 
parameters of mungbean/green gram, Phaseolus aureus cv. K-851 
in the presence and absence of Rhizobium (Tables 15a, b). 
17. Effect of individual and combined inoculation of 
Meloidogyne Incognita and Macrophomina phaseolina on nematode 
multiplication, root-knot development, root-rot development, 
plant growth and related parameters at different growth 
stages of mungbean/grsen gram, Phaseolus aureus cv. K-851 in 
the presence and absence of Rhizobium (Tables 16a, b). 
18. Effect of individual and combined incoulation of 
Rotylenchulus renifocmis and Macrophomina phaseolina on 
nematode multiplication, root-rot development, plant growth 
and related parameters at different growth stages of 
mungbean/green gram, Phaseolus aureus in the presence and 
absence of Rhizobium (Tables 17a, b). 
19. Effect of individual and combined inoculation ot 
Meloidogyne incognita and Macrophomina at 
different age of munqbean/green gram, Phaseolus a n m j . cv. 
K-851 on nematode nul tiplication, root-knot devo]c-pment, 
root-rot development, plant growth and related para 111 -!"r ; M i ri 
the presence and absence of Rhizobium (Tables 18a, b). 
20. Effect of individual and combined inoculation of 
Rotylenchulus reniformis and Macrophomina pjiaseo.i ina at 
different age of mun<!bean/green gram. Phase pi us auj-f^ur cv. 
K-851 on nematode multiplication, root-rot development, plant 
growth and related paj anteters in the presence and abf;epre of 
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Rhizobium (Tables 19a, b ) . 
21. Effect of oil-seed cakes and nematicides on root-knot 
development, plant growth and related parameters of 
raungbean/green gram, Phaseolus aureus c v . K-851 inoculated 
with Meloidoqyne incognita and/or Macrophomina phaseolina in 
the presence and absence of Rhizobium (Tables 20a, b ) . 
22. Effect of oil-seed cakes and nematicides on nematode 
multiplication, plant growth and related parameters of 
mungbean/green gram, Phaseolus aureus c v . K-851 inoculated 
with Roty3.enchulus reniformis and/or Macrophomina phaseolina 
in the presence and absence of Rhizobium (Tables 21a, b). 
23. Effect of oil-seed cakes and nematicides in combination 
with normal/deep ploughing on the population of nematodes, 
frequency of fungi, plant growth and related parameters of 
mungbean/green gram Phaseolus aureus cv. K-851 in field 
(Tables 22a, b , c). 
24. Residual effect of different treatments given to the 
preceding crop (mungbean/green gram, Phaseolus aureus 
c v . K-851) on the population of nematodes, frequency of 
fungi, plant growth and related parameters of the following 
crop (Chickpea, Cicer arietinum cv. K-850) in field 
(Tables 22d, e , f). 

3. MATERIALS AND METHODS 
3 . 1 . Selection of test crops and pathogens: 
Two nematode species, viz., the root-knot nematode, 
Meloidoqyne incognita (Kofoid & White) Chitwood and the 
reniform nematode, Rotylenchulus reniformis Linford & 
Oliveira and two fungi, v i z . , the wilt-fungus, Fusarium 
oxysporum f . ciceri (Padwick) Subram. and the root-rot 
fungus, Macrophomina phaseolina (Tassi) G o i d . were selected 
for the present study. Experiments with chickpea, Cicer 
arietinum L . were conducted during winter season and for 
green gram/mungbean, Phaseolus aureus Roxb. during summer 
season. Respective srhizobia of the test plants were used as 
and when required. The wilt-fungus, F . oxysporum f . ciceri 
and the test nematodes were used in experiments concerning 
chickpea, whereas, ir case of mungbean, the root-rot fungus, 
M . phaseolina alongwith the nematode species were u r cH. 
3.2. preparation o£ inoculum of the nematodes: 
Separate cultures of the root-knot nematode, M . 
incognita and the reniform nematode, R . reniformis were 
maintained on tom.ato in concrete microplots. 
In case of root-knot nematode, eggmasses were collected 
from the infected roots of tomato plants with the help of 
forcep and were place<3 on small coarse soivc (1 mm pi-rt ^ize) 
fitted with moist tisr.ue paper and placed in petr i U i •>] (10 
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cm diameter) containing water. Second stage juveniles, which 
were hatched out, were collected alongwith water from 
petridishes after every 24 hrs. Fresh water was added to the 
petridishes after withdrawing the nematode suspension 
everytime. This process was repeated upto 5-7 days. These 
second-stage juveniles served the inoculum of the root-knot 
nematode. 
For the extraction of the reniform nematode, soil was 
collected from around the roots of heavily infected tomato 
plants growing in the microplots. The soil was processed for 
extraction of the reniform nematode by using Cobb's sieving 
and decanting method alongwith modified Bearmann's funnel 
technique (Southey, 1986). The nematode suspension thus 
obtained, served the inoculum of the nematode. 
Separate suspensions of the test nematodes, were gently 
stirred for making homogeneous distribution of nematodes and 
then 5 ml suspensions were transferred to the counting dish 
(Southey, 1986) and the numbers of 2nd stage juveniles in 
case of M . incognita and immature females in case or R . 
reniformis in each sample were counted under stereoscopic 
microscope. An average of five counts were made in each case 
to determine the density of nematodes per unit volume of 
these suspensions. 
3.3. Preparation of inoculum of the fungi: 
Pure cultures of the wilt-fungus, Fusarium oxysporum f. 
and the root-rot fungus, Macrophomina phaseolina, were 
54 
obtained from Indian Agricultural Research Institute (lARI), 
New Delhi. Pathogenicity of the fungi was tested on their 
respective hosts before use in different experiments. The 
fungi were maintained in culture tubes containing potato-
dextrose-agar (P.D.A.) which were prepared from the following 
constituents: 
Potato = 250.00 g 
Dextrose = 17.00 g 
Agar = 20.00 g 
Distilled water = 1000.00 ml 
First the pealed pieces of the potato were boiled in 
distilled water and the extract so obtained (after removing 
the potato pieces) was mixed with dextrose and agar and 
boiled again. The medium in liquid condition (when still hot) 
was transferred to culture tubes which were plugged with 
cotton plugs. These tubes were then autoclaved. After cooling 
of the P.D.A.r the test fungi were transferred to these 
culture tubes in an aseptic chamber by using all precautions 
prescribed to such an operation. 
The inocula of the wilt-fungus, Fusarium oxysporum f. 
ciceri and the root-iot fungus, Macrophomina phaseoJina were 
raised on Richard's liquid medium (Riker & Riker, 1936) 
having the following composition: 
Potassium nitrate = 10.00 g 
Potassium dehydrogen phosphate = 5.00 g 
Magnesium sulphate = 2.50 g 
Ferric chloride •= 0.02 g 
Sucrose ^^  50.00 g 
Distilled water = 1000.00 ml 
55 
One hundred ml of the above medium was transferred to 
250 ml Erlenmeyer flasks which were plugged with cotton plugs 
covered with butter paper. Then these flasks were autoclaved. 
Small bits of the test fungi were transferred to these 
conical flasks in an aseptic chamber taking all the 
precautions prescribed for such an operation. These fungi 
were incubated for 15 days in an incubator running at 28'^C 
temperature. 
After the incubation period, the mycelial mats were 
removed and then gently passed between sterile blotting 
sheets to remove the excess amount of liquid. The inoculum 
was prepared by mixing 10 g fungal mycelium in 100 m3 of 
sterilized distilled water in a waring blender for few 
seconds (Stemerding, 1964). In this way each 10 ml of this 
homogenate contained 1 g of fungal mycelium. 
3.4. Varietal reaction to the nematodes: 
Sandy loam soi], which is commonly found in Aligarh was 
collected from a fertile field in Aligarh Muslim Univeristy 
Agriculture Farm and were passed through a coarse seive (1 mm 
pore size) to remove stone particles and debris, etc. 
Compost manure at the rate of 1 g N/kg soil was addpd and 
thoroughly mixed with the soil. Fifteen cm clay pots were 
filled with 1 kg of the soil-compost mixture and then these 
pots were autoclaved and used for further studies. 
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Four uniform sized seeds of different cultivars of 
chickpea (Annigeri, C-375, Chaffa, E-lOO, EC-1538, F-61, 
F-404, JG-62, H-355, K-4, Hima, JGC-1, JG-23, JG-24, JG-221, 
ICC-391WR, BG-225, ICC-3103WR, ANM-123, BG-209, ICC-202WR, 
BG-220, Pusa-209 and K-850) and green gram/mungbean (K-851, 
T-44r PDM-11, PDM-54, PDM-84-139, PDM--146, 4/395 and ML-137) 
were surface sterilized in 0.1% mercuric chloride for 2 
minutes, then thoroughly washed in sterile distilled water 
and sown in the pots containing sterilized soil. After 
emergence, the seedlings were thinned and only one seedling 
was allowed to grow in each pot. When the plants attained 
the age of three weeks these were separately inoculated with 
50,500 and 5000 2nd stage juveniles of M . incognita or 
immature females of J,, reniformis. Uninoculated plants served 
as control. There were 5 replicates for each treatment 
including uninoculated control. 
For the inoculation of plants with the nematodes, 
appropriate amounts of nematode suspension (according to the 
inoculum level) were poured around the root-surface which was 
exposed by removing small amount of soil. After inoculation, 
the exposed roots were covered by levelling the soil 
properly. The pots placed on a greenhouse bench in a 
randomised manner, ^l?cessary weeding and watering weit done 
as and when required. 
Another experiment was also established on similar 
pattern using bacterized seeds. For chickpea, Bradyrhizobium 
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(chickpea type) and for mungbean, Rhizobium phaseoli, 
obtained from lARI, New D e l h i , were used for bacterization of 
seeds. Sucrose solution (5%) was used as sticker and it was 
mixed with respective rhizobial c u l t u r e . Seeds were mixed 
with this mixture in such a manner that a uniform coating 
formed on their surface. These bacterized seeds were dried at 
room temperature and then sown. Further steps were same as 
described a b o v e . 
Both the experiments (with bacterized/unbacterized 
seeds) were terminated 100 days after seed germination and 
plant length (cm) / fresh weight (g), number of pods and 
other parameters were determined. 
Nitrate reductase activity (NRA) in the leaves was 
estimated by the procedure of Jaworski (1971). The leaves 
were collected in the early morning, then cut into small 
p e i c e s . Freshly harvested leaf tissue (200 mg) suspended in 5 
ml mixture of 0.1 M phosphate buffer (pH 7.5), 0.02 M KNO3, 
5% p r o p a n o l , and 2 drops of chloram phenicol (0.5 mg/ml) in 
sealed tube was incubated at 25®C in the dark for 60 minutes. 
NRA was measured by NO2 production which was detected by 
treating 0.4 ml of the: Incubation mixture with 0.3 ml each of 
1% sulfanilamide in 3 M HCl and 0.02% N-l-nephthyl-
ethylenediamine hydrochloride for 20 m i n u t e s . After 
appropriate dilution the absorption peak at 540 nra was 
measured with the help of Bouch & Lomb Spectronic-20 
spectrophotometer. 
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Chlorophyll content of leaf was estimated by the method 
of Hiscox & Israelstam (1979). One hundred milligram of leaf 
peices were placed in a vial containing 7 ml DMSO (Dimethyl 
Sulphoxide) and the chlorophyll was extracted into the fluid 
at 650C by incubating it for 60 minutes. The extract was 
transferred to a graduated tube and made upto 10 ml with DMSO 
and assayed immediately. A sample of 3.0 ml chlorophyll 
extract was transferred in covette and the OD values at 645 
and 663 nm were read in spectronic-1001 spectrophotometer 
against DMSO blank. 
Number of root-galls per plant was determined in case 
of root-knot nematode-inoculated plants. While in case of 
reniform nematode, the pot soil from each treatment was 
separately processed after the termination of the experiment 
according to Cobb's sieving and decanting method followed by 
the modified Bearmann's funnel technique (Southey, 1986). 
Nematode population in roots was determined by macerating the 
root-pieces in a waring blender for few seconds and then 
counting their numbers. Reproduction factor (R) jf the 
nematode was calculated following the method of Gostenbrink 
(1966) by dividing the final population with the initial 
population (pf/pi). 
In the experiment where bacterized seeds were used, 
root-nodule index (on 0-5 scale) was determined in case of 
chickpea on the basis of visual observation (0= no ncjdulatrion 
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1 = very light nodulation, 2 = light nodulation, 3= moderate 
nodulation, 4 = heavy nodulation and 5 = very heavy 
nodulation). Whereas, in case of mungbean, the root-nodules 
were counted per plant. 
For both the eKperiments (with bacterized/unbacterized 
seeds) separate sets of 5 plants for each treatment were also 
kept for studying the effect of the nematode infection on 
pollen fertility. Pollen fertility (in percentage) at 
flowering stage was estimated by the method of Brown (1949) 
using stainability of pollen grains. The pollen grains which 
took up stain and had a regular outline were considered 
fertile while those which were empty without stain and had 
Irregular shape were considered sterile. 
3.5. Varietal reaction to the fungi: 
Similar experiments, as in 3 . 4 , were e s t a b H s h e d to 
study the varietal reaction of chickpea to Fusarium oxysporum 
f* ciceri and green gram/mungbean to Macrophomina phaseolina• 
Three inocula of the fungi were used: 0.5, 1.0 and 2.5 g 
mycelium/plant. The inocula were prepared in the same manner 
as described in 3.3. Inoculations with fungi were made in the 
same manner as with the nematodes as described in 3.4. 
Recording of the data was done in the same manner as 
described in 3.4. In case of mungbean, root-rot index was 
determined on 0-5 scale: 0 = no root-rot, 1 = very light 
root-rot, 2 = light root-rot, 3 = moderate root-rot, 4 = 
moderately severe root-rot, 5 = very severe root-rot. 
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3.6. Interrelationship of the pathogens: 
Four surface sterilized seeds of chickpea cv. K-850 or 
mungbean c v . K~851 were sown in pots which were prepared as 
in 3.4. After germination, only one plant was allowed to grow 
per p o t . Three-week old plants were inoculated with the test 
pathogens according to the following schedule: 
1 . No pathogen (control) 
2 . Meloidoqyne incognita (MI) alone (5000 juveniles/ 
plant) 
3 . Rotvlenchulus reniformis (RR) alone (5000 immature 
females/plant) 
4. Fungus (F) alone (1.0 g mycelium/plant) 
5 . MI + RR* 
6. MI - RR** 
7 . RR - MI** 
8. MI + F* 
9. MI - F** 
10. F - MI** 
11. RR + F* 
12. RR - F** 
13. F-RR** 
14. MI+RR+F* 
(Notet * Simultaneous inoculations; ** First named pathogens 
inoculated 15 days prior to the second named pathogens; In 
case of chickpea the wilt-fungus, F . oxvsporum f . ciceri was 
used whereas in case of mungbean, the root-rot fungus, 
Macrophomina phaseolina was used.) 
The above experiments were done by using bacterized as 
well as unbacterized seeds separately. There were five 
replicates for each treatment Including uninoculated control. 
Aftercare such as weeding, watering, etc. was done as and 
when required. The experiments were terminated 100 days after 
seed germination. Recording of the final data was done as 
described in 3.4 and 3.5. 
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3.7. Effect of the pathogens on growth stages of plants: 
This experiment was, in a way, similar to the 
experiment described in 3.6. However, the recording of the 
data was done at different growth stages of plant (e.g., 
vegetative, anthesis, pre-blooming, full-blooming, post-
blooming, pod-setting, pod-maturing) as per procedure 
described in 3.4 and 3.5. The inoculation schedule with 
different pathogens v/as as follows: 
1. No pathogen (control) 
2 . Nematode alone (5000 specimens/plant) 
3. Fungus alone (1.0 g mycelium/plant) 
4. Nematode + I'ungus 
3.8. Effect of the pathogens inoculated at different age of 
plants: 
This experiment was also conducted on same lines as in 
3.6, however, the inoculations with the pathogens were made 
at different age of plants, e.g., 2,3,4,5,6,7,8 weeks. The 
inoculation schedule with the pathogens was same as in 3.7. 
The experiment was terminated 100 days after seed 
germination. Recording of the data was done as described in 
3.4 and 3.5. 
3.9. Effect of oil-seed cakes and nematicides on the 
pathogens and plant growth: 
Fifteen cm clay pots were filled with 1 kg form soil 
and autoclaved. These were then treated with oil-seed cakes 
of castor (Ricinus communis L.), neem (Azadirachta indica 
Juss.), mustard (Brassica compestris L . ) , duan (Eruca sativa 
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Mill.) @ 1 g N / pot and nematicides, viz., aldicarb [2-
inethyl-2-(methylthio) propionaldehyde-O-methyl (carbamoyl) 
oxime] ,carbofuran [2,3-dihydro-2,2-diinethyl-7-benzofuranyl 
methyl-carbamate] , dimethoate [0,0-dimethyl S-(niethyl-
carbamoylmethyl) phosphorodithioate] @ 1 g a.i./pot. The pots 
receiving the nematicides were also supplemented with 
inorganic fertilizers in the form of urea @ 1 g N/pot), 
superphosphate 0.5 g P/pot) and murate of potash (0 0.5 g 
K/pot). The pots receiving oil-seed cakes were watered to 
ensure proper decomposition. After a week long waiting period 
surface sterilized seeds (bacterised/unbacterized) of 
chickpea cv. K-850 and mungbean cv. K-851 were sown 
separately at the rate of four seeds per pot. However, 
thinning was done after seed germination and only one plant 
was allow to grow per pot. Each set of plant with different 
treatments was inoculated with the pathogens according to the 
scheme given in 3.7. 
Both the test nematodes were used with F . oxysporum f. 
ciceri in case of chickpea and M . phaseolina on mungbean. 
Each treatment was replicated five times. Aftercare such as 
weeding, watering, e t c . was done when necessary. Recording of 
the data was done 100 days after seed germination as in 3.4 
and 3.5. 
3.10. Field experiment J 
The experimental field situated at Aligarh Muslim 
University Agriculture Farm was thoroughly ploughed and 
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small beds measuring 6m^ prepared, leaving 0.5 meter wide 
buffer zone between them. The beds were treated with oil-seed 
cakes (castor, neem, mustard, duan) @ 110 kq N/ha and 
nematicides (aldicarb, carbofuran, dimethoate) (3 1 kg a.i./ 
ha. The nematicides were also supplemented with inorganic 
fertilizers: urea (§ 110 kg N/ha, superphosphate @ 55 kg P/ha 
and murate of potash @ 55 kg K/ha. Untreated beds and those 
receiving inorganic fertilizers alone (at above rates) served 
as control. Each treatment was replicated five times which 
were arranged in a randomized manner. Immediately after 
treating the soil, the beds were watered and after one week, 
seeds of chickpea cv. K-850 or mungbean c v . K-851 were sown. 
These experiments were conducted under two separate 
conditions, viz., normal ploughing (20 cm deep) and deep 
ploughing (40 cm deep). The experiment was terminated 100 
days after seed germination. Nematode population in each bed 
was determined before treating the soil as well as after 
terminating the experiment by processing of the representive 
soil sub-samples with Cobb's sieving & decanting and 
Bearmann's funnel techniques. Frequency of fungi from the 
rhizosphere soil (on dry weight basis) was also determined by 
dilution plate method of Dickinson & Pugh (1965). Wllh the 
help of a sterilized pipette, 1 ml of 1:1000 dilution was 
transferred to sterilized petridishes and 10 ml of melted 
cooled peptone dextrose agar medium (Martin, 1950) was 
poured. Petriplates '/ere rotated gently in order to equally 
6A 
distribute the solution. The composition of peptone dextrose 
agar medium (Martin, 1950) was: 
Agar = 20.0 g 
KH2P04 = 1.0 g 
Peptone = 5.0 g 
Dextrose « 10.0 g 
Distilled water = 1000.0 ml 
Rose bengal = 1:30000 
Streptomycin = 30 ^ g / m l 
For each treatment 20 petriplates were used. Petri-
plates were incubated at 28^C and the fungi which developed 
after one week were examined and identified. The frequency of 
fungi was calculated by the formula of Mclean & Cook (1957): 
Number of plates containing a particular fungus 
X 100 
Total plates poured 
Recording of the data with respect to the plant growth 
characters was done as in 3.4 and 3.5. 
The effect of different treatments was also 
investigated in the next growing season. The field \.at, again 
prepared in the same manner with normal ploughing treatment 
for all the beds, which were given half-dose of inorganic 
fertilizers. Chickpea was grown in beds where mungbean was 
growing in the preceding season whereas mungbean was grown in 
the beds where chickpea was grown in the preceding season. 
Termination of the experiments and recording at the 
data were done on same line as for the preceding experiments. 

4. EXPERIMENTAL RESULTS 
4.1.1. Reaction of different cultivars of chickpea (Cicer 
arietinum) to the root-knot nematode, Meloidoayne 
incognita in the presence of BMsfifeiilffi. 
All the test cultivars of chickpea, viz., Annigeri, 
C-375, Chaffa, E-lOO, EC-1538, F-61, F-404. JG-62, H~355, 
K-4, Hima, JGC-1, JG-23, JG-24, JG-221, ICC-391WR, BG-225, 
ICC-3103WR, ANM-123, BG-209, ICC-202WR. BG-220, Pusa-209 and 
K-850 were found susceptible to the root-knot nematode, 
Meloidoqyne incognita, however, to varying extent (Table la). 
Significant reduction was observed in different plant growth 
parameters (e.g., plant length, plant weight, number of pods 
per plant), percent pollen fertility, chlorophyll content, 
nitrate reductase activity and root-nodulation at the higher 
inocula of the nematode, i.e., 500 and 5000 juveniles per 
plant. Highest reduction in plant weight was noted in 
cultivar JG-23 which recorded 67.99% (with the highest 
inoculum level) over uninoculated control. This reduction was 
found directly correlated with the number of root-galls 
produced; it showed higher number of root-galls (328.15 per 
plant). Whereas cultivar ANM-123 was found to be least 
susceptible among different cultivars (reduction in plant 
weight = 36.86%; number of root-galls per plant = 48.20). 
The root-knot nematode, Meloidoqyne incognita also 
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content of leaves. Higher reduction (45.75%) was noted in 
the cultivar K-850; it was followed by Pusa-209 (42.03%) and 
JG-221 (41.73%). The reduction in the chlorophyll content 
between 30.07 - 35.38% was observed in the cultivars JG-62, 
BG-225, ICC-3103WR, BG-209, Chaffa, ICC-391WR; 20.00 - 29.03% 
in cultivars JGC-1, Annigeri, K-4, JG-24, E-lOO, C-375, ANM-
123, Hima and 9.62 - 15.29% in cultivars F-404, F-61, H-355, 
ICC-202WR, BG-220, EC-1538 (Table la). 
Similarly the root-knot infection also caused 
significant reduction in the nitrate reductase activity (NRA) 
in plant leaves, highest being in the cultivar EC-1538 
(59.10%) and the lowest in ANM-123 (22.01%). Development of 
bacterial nodules in the roots was also hindered by the 
nematode; here also highest inhibition was observed in the 
cultivar JG-23 (65.00%) and lowest in ANM-123 (22.50%). 
The adverse effect of nematode on plant growth and 
related parameters might have contributed towards the 
reduction in pod number as well as the pollen fertility 
(Table la). Highest and lowest inhibition in pod number was 
observed in the cultivar JG-23 and ANM-123 respectively, 
whereas, the highest inhibition in pollen fertility was 
observed in a cultivar JG-23 and lowest in cultivar ANM-123 
(Table la). 
On the basis of reduction in plant weight at the 
highest inoculum level (5000 juveniles/ plant) these 
75 
cultivars are classified in three different categories as 
under! (the cultivars are arranged in the descending order, 
from highest to lowest reduction in plant weight). 
1 . Highly susceptible (Reduction in plant weight >50%; number 
of galls = 92 - 328 per plant): Chickpea cultivars JG-23 
(67.99% 7 328.15), EC-1538 (65.72%; 289.45), H-355 (62.66%; 
254.32), K-4 (59.98%; 192.06), JGC-1 (59.43%; 206.00), E-lOO 
(59.12%; 203.34), JG-62 (57.55%; 189.00), ICC-391WR (56.83%; 
147.50), C-375 (56.58%; 157.24), Chaffa (56.32%; 139.40), 
BG-209 (55.42%; 205.50), Hiraa (53.23%; 137.20), ICC - 202WR 
(52.90%; 228.30), JG-24 (51.01%; 92.00) and K-850 (50.99%; 
159.47). 
2 . Susceptible (Reduction in plant weight =40-50%; Number of 
galls = 68.21 - 157.05 per plant); Chickpea cultivars BG-220 
(49.90%; 157.05), JG-221 (49.74%; 109.08), F-61 (47.72%; 
89.50), Annigeri (46.76%; 88.00), F-404 (45.26%; 92.50), 
Pusa-209 (43.54%; 121.50) and BG-225 (40.34%; 68.21). 
3 . Moderately resistant (Reduction in plant weight =30-40%; 
Number of galls=48.20 - 68.21 per plant); Chickpea cultivars 
ICC - 3103WR (38.62%; 68.21) and ANM-123 (36.86%; 48.20). 
Thus, these results clearly indicate that the root-knot 
nematode inhibited the growth of chickpea plant in all the 
cultivars to varying extent. Adverse effect of the nematode 
on root-nodules which are formed by Rhizobium spp. capable of 
76 
fixing atmospheric nitrogen appeared to have contributed 
towards the reduction in plant growth. The cultivar JG-23 
which showed highest reduction in plant weight and root-
nodule index harboured highest number of nematode induced 
root galls, while, the relatively resistant cultivar ANM-123 
had least number of root-galls (Table la). 
4.1.2 Reaction of different cultivars of chickpea (Cicer 
arletinum) to the root-knot nematode, Meloidogyne 
incognita in the absence of Rhizobium. 
The results presented in Table lb indicate that all 
the 24 cultivars of chickpea, viz., Annigeri, C-375, Chaffa, 
E-lOO, EC-1538. F-61, F-404, JG-62, H-355, K-4, Hima, JGC-1, 
JG-23, JG-24, JG-221, ICC-391WR, BG-225, ICC-3103WR, ANM-123. 
BG-209, ICC-202WR, BG-220, Pusa-209 and K-850 showed varying 
degree of susceptibility towards the root-knot nematode, 
Meloidogyne incognita. In absence of Rhizobium also different 
growth parameters (e.g., plant length, plant weight, number of 
pods per plant), percent pollen fertility, chlorophyll 
content and nitrate reductase activity were inhibited 
significantly at the higher inocula of the nematode, e.g., 
500 or more juveniles per plant. As in presence of Rhizobium, 
here also the highest reduction in plant weight was noted in 
cultivar JG-23 which recorded 67.99% with the highest 
inoculum level (5000 juveniles/plant) over uninoculated 
control. This cultivar also produced highest number of root-
galls (336.74). Whereas cultivar ANM-123 was found to be 
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with number of root-galls per plant = 57.39. The reduction in 
plant weight was found to have a positive correlation with 
the number of root-galls produced. 
Significant reduction was also noted in chlorophyll 
content of leaves by M . incognita. Highest reduction was 
noted in the cultivar JG-23 (56.17%), closely followed by 
JGC-1 (43.69%) and H-355 (42.90%). However, in the remaining 
cultivars, chlorophyll content reduced significantly and 
almost on the same pattern of reduction in plant weight. The 
lowest reduction was noted in moderately resistant cultivar 
(ANM-123) where it was only 18.36% (Table lb). 
Similarly root-knot nematode also caused significant 
reduction in the nitrate reductase activity (NRA) in plant 
leaves, highest being in a cultivar JG-23 (68.50%) and the 
lowest in ANM-123 (25.64%) (Table lb). 
The reduction in plant growth and related parameters 
due to nematode might have contributed towards the reduction 
in pod number as well as the pollen fertility (Table lb). 
Highest and lowest inhibition in pod number was observed in 
the cultivars JG-23 and ANM-123 respectively. The inhibition 
in pollen fertility was on the same pattern as in pod 
numbers. 
On the basis of reduction in plant weight and 
production of root-galls at the highest inocula (5000 
86 
juveniles/plant), these cultivars are classified in three 
different categories as under: (the cultivars are arranged in 
descending order from highest to lowest in plant weight 
reduction). 
1 . Highly susceptible (Reduction in plant weight >50%; Number 
of galls = 135.40 - 336.74 per plant): Chickpea cultivars 
JG-23 (71.43%; 336.74), H-355 (64.83%; 199.64), JGC-1 
(62.13%, 224.66); Chaffa (60.73%; 160.37), EC-1538 (60.63%; 
169.61), BG-209 (59.56%; 201.08), C-375 (58.90%; 169.26), 
E-lOO (58.28%; 171.46), Hima (56.60;!; 175.35), ICC-391WR 
(55.287; 156.96), JGC-221 (54.81%; 144.18), Annigeri (53.27%; 
137.76), K-850 (53.20%; 178.10), K-4 (53.24%; 163.70), JG-24 
(53.23%; 143.61), F-61 (52.77%; 150.44), BG-220 (51.28%; 
149.73), JG-62 (50.45%; 146.54) and F-404 (50.20%; 135.40). 
2 . Susceptible (Reduction in plant weight=40-50%; Number of 
galls = 81.30-157.29 per plant): Chickpea cultivars Pusa-209 
(45.23%; 138.50), ICC-202WR (45.19%; 157.29), BG-225 (43.53%; 
103.65) and ICC-3103WR (40.53%; 81.30). 
3. Moderately resistant (Reduction in plant weight < 40%); 
only cultivar ANM-123 come under this category, the reduction 
in plant weight was 39.18% with number of root-galls = 57.38. 
The results also indicate that root-knot nematode 
caused greater reduction in different parameters in all test 
cultivars of chickpea in the absence of Rhj.zobiuro compared to 
the presence of Rhlzobium (Table la, b). 
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4.2.1 Reaction of different cultlvars of chickpea 
arietlnum) to the reniform nematode, Rotylenchulus 
reniformls In the presence of Rhizobium. 
The result presented in Table 2a indicate that reniform 
nematode, Rotylenchulus reniformls adversely affected the 
plant weight and other related parameters of all the 24 test 
cultivars of chickpea, viz., Annigeri, C-375, Chaffa, E-lOO, 
EC-1538, F-61, F-404, JG-62, H-355, K-4, Hima, JGC~1, JG-23, 
JG-24, JG-221, ICC-391WR, BG-225,ICC-3103WR, ANM-123, BG-209, 
ICC-202WR, BG-220, Pusa-209 and K-850 to varying extent. 
However, the plant growth (e.g., plant length, plant weight, 
pod numbers), percent pollen fertility, root-nodulation, 
chlorophyll content and nitrate reductase activity (NRA) 
reduced significantly by this nematode at the higher inocula 
i.e., 500 or more nematodes per plant. The cultivar EC-1538 
was found highly suitable for the pathogen as it recorded 
67.02% reduction in plant weight (with the highest inoculum 
level) over uninoculated control, whereas ANM-123 was found 
to be least affected in terms of reduction in plant weight 
and other parameters. The reduction in different parameters 
showed a positive correlation with the increase in the final 
population of the nematode, but the chlorophyll content 
somewhat did not follow the same pattern of reduction. 
The chlorophyll content of leaves in most of the plants 
reduced significantly due to the R . reniformis at higher 
inoculum level. The highest reduction was noted in cultivar 
K-850 (46.21%) while lowest being in F-61 (8.62%). The 
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remaining cultivars showed somewhat different pattern and did 
not follow as reduction in other parameters (Table 2a). 
Similarly significant reduction was also noted in 
nitrate reductase activity (NRA) in plant leaves, highest 
being in cultivar EC-1538 (57.99%) and the lowest in cultivar 
ANM-123 (21.11%). Development process of bacterial nodules 
was also hindered due to the effect of the nematode. Highest 
inhibition was observed in cultivar EC-1538 (68.75%) and 
lowest in ANM-123 (22.50%) (Table 2a). 
The reduction in plant growth and related parameters 
might have contributed towards the reduction in pod number as 
well as in pollen fertility (Table 2a) and it was similar to 
the reduction in plant weight. The fewer number of pods and 
lowest pollen fertility was observed in highly susceptible 
cultivar. 
On the basis of reduction in plant weight at the 
inoculum level (5000 juveniles/plant) and multiplication of 
the nematode, these cultivars are classified into three 
different categories as under (the cultivars are arranged in 
descending order, from higher to lowest reduction in plants 
weight): 
1 . Highly susceptible (Reduction in plant weight >50%; 
Reproduction factor (R) of the nematode=4.29-4.96): Chickpea 
cultivars EC-1538 (67.02%; 4.96), H-355 (65.75%/ 4.94), E-lOO 
97 
(62.76%; 4.93), K-4 (60.80%; 4.88), BG-209 (57.32%; 4.91), 
JG-24 (57.04%} 4.91), Chaffa (53.81%); 4.49), K-850 (53.46%; 
4.40), C-375 (51.48%; 4.29). 
2. Susceptible (Reduction in plant weight=40-50%; 
Reproduction factor (R) of nematode=321-4.54): Chickpea 
cultivars JG-23 (49.25%; 4.54), Pusa-209 (46.85%; 4.12), 
JG-62 (46.15%; 3.99), ICC-391WR (46.01%; 3.74), JGC-1 
(45.69%; 3.70), Hima (45.52%; 3.74), BG-220 (42.76%; 3.65), 
ICC-202WR (41.66% ; 3.30), Annigeri (41.59% ; 3.35) - and ICC 
- 3103WR (40.46% ; 3.21). 
3 . Moderately resistant (Reduction in plant weight=30-40%; 
Reproduction factor (R) of nematode = 2.87 - 3.53); Chickpea 
cultivars F-61 (38.65%; 3.53), F-404 (38.45%; 3.51), JG~221 
(37.72%; 2.91), ANM-123 (35.47%; 2.87). 
On the basis of the results presented in Table 2a the 
following conclusions were drawn: 
1. All the test cultivars showed susceptibility to reni-
forit) nematode.Rotvlenchulus reniformis. 
2. The damage caused by reniformis was not much as 
compared to M . incognita. 
3. The reduction in plant weight was directly correlated 
to reduction in pod number, pollen fertility, nitrate 
reductase activity and root-nodulation, but the reduction in 
98 
chlorophyll content was somewhat different and did not 
follow the same pattern. 
4. The reproduction factor (R) of the nematode was found 
highest in highly susceptible cultivars and lowest in 
moderately resistant ones. 
5. The cultivar EC-1538 which showed higher reduction in 
plant weight and other parameters harboured highest number of 
the nematode while the relatively resistant cultivar ANM-123 
had lowest number of the nematode. 
6. The cultivar ANM-123 was found moderately resistant to 
both pathogens i.e., M. incognita and R. reniformis. 
4.2.2 Reaction of different cultivars of chickpea (Cicer 
arietlnum) to the reniform nematode, Rotylenchulus 
yenjlfoirmis in the absence of Rhizobium. 
The results presented in Table 2b indicate that the 
reniform nematode, Rotylenchulus reniformis showed varying 
degree of susceptibility in absence of Rhizobium to all 
the 24 cultivars of chickpea, viz., Annigeri, C-375, Chaffa, 
E-lOO, EC-1538, F-61, F-404, JG-62, H-355, K-4, Hima, JGC-1, 
JG-23, JG-24, JG-221, ICC-391WR, BG-225, ICC-3103WR, ANM-123, 
BG-209, ICC-202WR, BG-220, Pusa-209 and K-850. Different 
growth parameters (e.g., plant length, plant weight, number 
of pods per plant), pollen fertility, chlorophyll content and 
nitrate reductase activity were inhibited significantly at 
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nematodes per plant. As in the presence of Rhizobjum, here 
also the highest reduction in plant weight was noted in the 
cultivar EC-1538 which recorded 68.78% reduction over 
uninoculated control at the highest inoculum level (5000 
nematode/plant), The highest reproduction factor of the 
nematode (5.75) was also found in this cultivar. Whereas 
cultivar ANM-123 was found to be least susceptible with 
reduction in plant weight = 37.44% and reproduction 
factor=3.28. The reduction in plant weight was found to have 
a positive correlation with the multiplication ol: the 
nematode. 
Significant reduction was noted in chlorophyll content 
of leaves at higher inoculum levels of R . reniformis> highest 
being in the cultivar EC-1538 (55.99%) and lowest in AUM-123 
(16.94%). The reduction in chlorophyll content was also 
observed in remaining cultivars almost on the same pattern as 
the reduction in plant weight. 
Similarly significant reduction was also noted in 
nitrate reductase activity (NRA) in plant leaves. The highest 
being reported in cultivar EC-1538 (63.06%) while lowest 
found again in ANM-123 (21.80%). The reduction in pod numbers 
and percent pollen fertility was also noted in highly 
susceptible cultivars having highest reproduction factors. 
This may be due to reduction in other growth parameters 
caused by R . reniformis. 
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On the basis of reduction in plant weight at the 
highest inoculum level (5000 nematodes/plant and 
multiplication of the nematode, the test cultivars are 
classified in three different categories as under: (the 
cultivars are arranged in the descending order, from highest 
to lowest reduction in plant weight). 
1 . Highly susceptible (Reduction in plant weight >50%; 
Reproduction factor (R) of the nematode'=4,72-5.75); Chickpea 
cultivar EC-1538 (68.78%; 5.75), H-355 (68.00%; 5.67), E-lOO 
(62.90%; 5.32), BG-209 (61.94%; 5.20), JG-221 (61.48%; 5.14), 
JG-23 (58.69%; 4.90), JG-24 (57.45%; 4.82), JGC-1 (57.03%; 
4.83), K-4 (56.61%; 4.81), BG-220 (53.76%; 4.76) and Chaffa 
(51.71% ; 4.72). 
2 . Susceptible (Reduction in plant weight=40-50%; 
Reproduction factor (R) of the nematode=3.52-4.70); Chickpea 
cultivars C-375 (49.59%; 4.70), Hima (48.97%; 4.60), 
ICC-391WR (48.85%; 4.41), F-61 (46.51%; 4.26), F-404 (44.72%; 
4.15), K-850 (44.65%; 4.05), ICC-202WR (43.96%; 3.96), 
Annigeri (43.77%; 3.85), JG-62 (42-34%; 3.78), Pusa-209 
(42.25%; 3.72) and BG-225 (40.25%; 3.52). 
3 . Moderately resistant (Reduction in plant weight < 40%; 
Reproduction factor (R) of the nematode=3.28-3.37). Chickpea 
cultivars ICC-3103WR (37.50%; 3.37) and ANM-123 (37.44%; 
3.28) . 
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Based on the above results, the following conclusions 
were drawn: 
1. In the absence of Rhlzobiuni/ greater reduction was noted 
in almost all cultivars caused by this nematode compared to 
the presence of Rhizobium* 
2. The reduction in plant weight was found correlated to the 
reduction in pod numbers, pollen fertility, nitrate reductase 
activity and chlorophyll content. 
3. The Reproduction factor (R) of the nematode was found 
highest in relatively susceptible cultivars. It was inversely 
proportional to the plant weight. 
4. The cultivar ANM-123 again was found moderately 
resistant. 
5. The multiplication of the nematode was found greater in 
absence of Rhizobium compared to the presence of Rhizobium. 
4.3.1 Reaction of different cultivars of chickpea (Cicer 
arietinum) to the wilt-fungus, Fusarimn oxysporum f. 
ciceri in the presence of Rhizobium. 
The results presented in Table 3a indicate that wilt 
fungus, Fusarium oxvsporum f. cjcerj adversely affected plant 
weight and other related parameters of all the 24 test 
cultivars of chickpea, viz., Annigeri, C-375, Chaffa, E-lOO, 
EC-1538, F-61, F-404, JG-62, H-355, K-4, Hima, JGC-1, JG-23, 
JG-24, JG-221, ICC-391WR, BG-225, ICC-3103WR, ANM-123, BG-209, 
ICC-202WR, BG-220, Pusa-209 and K-850 to varying extent. 
Plant growth (Plant weight, pod numbers) pollen fertility, 
110 
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chlorophyll content, root-nodulation and nitrate reductase 
activity (NRA) reduced significantly by this fungus even at 
low inoculum level, i.e., 0.5 mycelium per plant. The 
cultivar JG-62 was found highly susceptible as it recorded 
74.62% reduction in plant weight (with the highest inoculum 
level) over uninoculated control, while cv. ANM-123 was found 
to be least affected in terms of reduction in plant weight 
and other parameters. Number of pods per plant, pollen 
fertility, chlorophyll content, nitrate reductase activity 
and root-nodulation also showed reduction almost on the same 
pattern as in plant weight, since nitrate reductase activity 
and root nodulation are closely related to each other their 
reduction in turn affected the plant weight. 
The wilt-fungus, P . oxysporum f . ciceri was also found 
to be responsible to significantly reduce chlorophyll content 
of leaves with all the inoculum levels. The highest reduction 
was noted in the cultivar JG-62 (54.37%) while lowest being 
in JGC-1 (18.69%). In the remaining cultivars the reduction 
in the chlorophyll content was more or less on the similar 
pattern as in other parameters (Table 3a). 
Similarly significant reduction was also noted in 
nitrate reductase activity (NRA) in plant leaves, highest 
being in the cultivar JG-62 (64.63%) and the lowest in the 
cultivar ANM-123 (29.29%). 
The reduction in plant weight and related parameters 
might have contributed towards the reduction in pod numbers 
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as well as in pollen fertility (Table 3a). The fewer number 
of pods and lowest pollen fertility was observed in the 
highly susceptible cultivars. 
On the basis of reduction in plant weight at the 
highest inoculum level (1.5 g mycelial mat/plant) and 
reduction in root-nodulation, these cultivars have been 
classified into two different categories as under: (the 
cultivars are arranged in descending order of reduction in 
plant weight from highest to lowest). 
1 . Highly susceptible (Reduction in plant weight >50%; 
reduction in root-nodulation = 5 0 . 0 0 - 75.00%): Chickpea 
cultivars JG-62 (74.62%; 75.00%), EC-1538 (71.75%; 71.00%), 
C-375 (71.23%; 75.00%), H-355 (67.77%; 58.25%), K-4 (67.53%; 
58.25%), Chaffa (63.31%; 57.50%),Annigeri (61.30%; 55.00%), 
BG-209 (62.11%; 62.50%), K-850 (60.82%; 64.00%), BG-220 
(58.82%; 48.25%), ICC-202WR (57.68%; 59.00%), JGC-1 (57.63%; 
50.00%), ICC-391WR (57.24%; 56.50%), Hima (56.30%; 50.00%), 
JG-24 (55.92%; 61.00%), E-lOO (55.56%; 50.00%), JG-23 
(55.05%; 55.00%), F-61 (54.61%; 41.00%), BG-225 (53.75%, 
53.00%) . 
2 . Susceptible (Reduction in plant weight=40-50%; reduction 
in root-nodulation = 35.50-58.50%): Chickpea cultivars Pusa-
209 (49.87%; 58.50%), ICC-3103WR (49.15%; 41.50%), JG-221 
(44.36%; 39.00%), F-404 (43.97%; 35.75%), ANM-123 (43.58%; 
35.50%). 
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On the basis of results presented in Table Sa^following 
conclusions were drawn: 
1. All the test cultivars showed susceptibility to the wilt-
fungus, Fusarium oxvsporum f . ciceri. 
2. The damage caused by wilt-fungus was more than that 
caused by reniformis and M . incognita. 
3. The reduction in plant weight had positive correlation 
with the reduction in pod number, percent pollen fertility, 
nitrate reductase activity and root-nodulation, but the 
reduction in chlorophyll content was somewhat different and 
did not follow the same pattern. 
4. The cultivars JG-62 and EC-1538 were found to be highly 
susceptible among different cultivars tested while the 
cultivar ANM-123 was moderately resistant to the pathogen. 
4.3.2 Reaction of different cultivars of chickpea (Cicer 
arietinum) to the wilt-fungus, Fusarium oxysporum f. 
ciceri in the absence of Rhizobium. 
The results presented in Table 3b indicate that in the 
absence of Rhizobium too, all the 24 tested cultivars of 
chickpea, viz., Annigeri, C-375, Chaffa, E-lOO, EC-1538, 
F-61, F-404, JG-62, H-355, K-4, Hima, JGC-1, JG-23, JG-24, 
JG-221, ICC-391WR, BG-225, ICC-3103WR, ANM-123, BG-209, 
ICC-202WR, BG-220, Pusa-209 and K-850 showed varying degree 
of susceptibility against the wilt-fungus, Fusarium oxysporum 
f . ciceri. Different growth parameters (e.g., plant length, 
plant weight, number of pods), pollen fertility, chlorophyll 
content and nitrate reductase activity were reduced 
121 
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significantly even with low inoculum level of the fungus, 
e.g.» 0.5g mycelial mat per plant. Unlike as in the presence 
of Rhizobium» the highest reduction in plant weight was noted 
in EC-1538 which recorded 75.19% (with the highest inoculum 
level) over uninoculated control while cultivar ANM-123, as 
in the presence of Rhizobiumt was found to be least affected 
in terms of reduction in plant weight and other parameters. 
Number of pods per plant, pollen fertility, chlorophyll 
content and nitrate reductase activity also reduced almost 
on the same pattern as in plant weight. The reduction in 
plant weight directly correlated with the reduction in 
nitrate reductase activity and chlorophyll content. 
The highest reduction in chlorophyll content was also 
noted in the cultivar EC-1538 (63.15%) and lowest in the 
cultivar ANM-123 (38.48%). The reduction in chlorophyll 
content in remaining cultivars was also noted almost on the 
same pattern as the reduction in plant weight and other 
parameters. Similarly significant inhibition was also 
observed in the nitrate reductase activity, highest being in 
the cultivar EC-1538 (64.15%) and lowest in the cultivar 
ANM-123 (40.76%). More reduction in pod number and pollen 
fertility was also noted in highly susceptible cultivar with 
respect to reduction in plant weight, chlorophyll content and 
nitrate reductase activity. 
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On the basis of reduction in plant weight at the 
highest inoculum level (1.5 g mycelial mat per plant) these 
cultivars have been classified only into single category as 
under (the cultivars are arranged in descending order of 
reduction in plant weight from highest to lowest): 
1 . Highly susceptible (Reduction in plant weight >50%): 
Chickpea cultivars EC-1538 (75.19%), Chaffa (69.60%), 
Annigeri (68.54%), BG-209 (68.20%), K-850 (66.80%), JG-24 
(66.17%), H-355 (65.96%), JGC-1 (65.07%), Hima (63.50%), 
C-375 (63.00%), E-lOO (62.51%), BG-225 (62.32%), ICC-391WR 
(60.60%), BG-220 (60.30%), F-61 (60.21%), JG-62 (59.33%), 
JG-23 (57.71%), Pusa-209 (56.56%), ICC-202WR (55.53%), F-404 
(55.11%), ICC-3103WR (53.23%), JG-221 (51.38%), K-4 (51.16%) 
and ANM-123 (50.36%). 
The following conclusions were drawn based on the above 
results: 
1 . In the absence of Rhizobium, greater reduction was noted 
in almost all tested cultivars caused by wilt-fungus compared 
to the presence of Rhizobium. 
2 . The reduction in plant weight was found correlated to the 
reduction in pod number, pollen fertility, nitrate reductase 
activity and chlorophyll content. 
3. The cultivar EC-1538 was found most susceptible while 
ANM-123 least susceptible against the wilt-fungus. 
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4. Even the lowest inoculum level caused significant 
reduction in different growth parameters. 
5. Wilt-fungus was found to be more pathogenic causing more 
damage to the test cultivars in comparison to M . incognita 
and R . reniformis. 
4.4.1 Effect of individaal and combined inoculations of 
f<eloj,doqYng incognita, Rotvlenchulus reniformis and 
Fusarium oxvsporum f. ciceri on nematode multipli-
cation, root-nodulation, chlorophyll content and plant 
growth of chickpea (fiifiei: arletinum) cv. K-850 in the 
presence of Rhlzobium. 
Individual as well as combined inoculations of 
Meloidoqyne incognita, Rotvlenchulus reniformis and Fusarium 
oxysporum f . ciceri caused significant reduction in different 
parameters of chickpea such as plant length, fresh weight, 
dry weight, root-nodulation, pod number and chlorophyll 
content over control (Table 4a). 
Among plants inoculated with individual pathogens, the 
fungus, P . oxvsporum f . ciceri caused greatest reduction in 
different growth parameters followed by M . incognita and R. 
reniformis. F . oxvsporum f . ciceri caused 30.42% reduction in 
plant length, 46.72% in fresh weight and 44.95% in dry 
weight, M . incognita caused 27.83%, 43.85% and 43.51% 
reduction in plant length, fresh and dry weights 
respectively, while reniformis caused 23.28%, 40.05% and 
41.11% reduction in above parameters, respectively, similar 
reduction was also noted in other parameters, viz., root-
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In simultaneous Inoculations M . Incognita together with 
pxysporuin f , clceri caused greater reduction in all growth 
parameters as compared to B . reniformis + F . oxysporum f. 
clceri or M . Incognita + R . reniformis combinations. Combined 
inoculation of II. incognita and F. oxysporum f . clceri caused 
50.14%, 72.47% and 72.60% reduction in plant length, fresh 
and dry weights respectively. These reductions were 
statistically significant. The reduction due to simultaneous 
inoculations of reniformis and £ . oxysporum f. cicerjl 
though statistically significant, was comparatively less than 
that caused by M . incognita and F . oxysporum f. ciceri 
combination. Next in order of damaging potential was M . 
incognita and Jg. reniformis combination. Similar trend with 
respect to reduction due to test pathogens was also noted in 
case of root-nodulation, pod number and chlorophyll content. 
In the case of simultaneous inoculation with all the three 
test pathogens together, reduction in different parameters as 
stated above was much higher than caused by their different 
combinations (Table 4a). 
Thus one thing emerged from the results that the 
presence of the fungus in different combinations with the 
nematodes was more damaging to the plants than its absence. 
In presence of F . oxysporum f . ciceri, the endoparasitic 
nematode (M. incognita) had more synergistic effect than 
semi-endoparasitic nematode (R. reniformis). Interestingly, 
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it was also observed that the fungus and both the nematodes 
together caused greater reduction in all the growth 
parameters as compared to that caused by their various 
combinations (Table 4a). 
Sequential inoculations of the test pathogens also 
caused significant reduction in different parameters, 
however, it was less than that caused by simultaneous 
inoculations but more than that caused by single pathogen 
(Table 4a). Among different combinations of post- as well as 
prior-inoculations with the test pathogens, it was observed 
that combination of M . incognita with F . oxvsporum f. ciceri 
brought about greatest reduction in different parameters 
compared to other combinations of pathogens. Two-weeks 
prior-inoculations of M . incognita from F. oxysporum f. 
ciceri had more adverse effect on different parameters than 
prior-inoculation of F . oxysporum f . ciceri from M . incognita 
excepting for fresh weight. In the remaining combinations of 
post- and prior-inoculations there was no clear trend as far 
as reduction in different parameters is concerned (Table 4a). 
Chickpea is a good host for both the test spp. of 
nematodes. This is evident from their high multiplication, 
and formation of root-galls in case of M . incognjta. However, 
these nematodes showed antagonism to each other as their 
populations declined in combined inoculations (Table 4a). 
Final population of M . incognita was 24634 when inoculated 
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singlyf however* in presence of R . reniformis and F. 
Qxysporum f . ciceri it declined to 19368 and 17659 
respectively, in simultaneous inoculations. Final population 
of M . incognita also declined when it was inoculated two-
weeks prior or after inoculations with other pathogens, 
however, the reduction was less in prior-inoculation compared 
with post- as well as simultaneous inoculations. Fungus 
appeared to be more antagonistic/ inhibitory to R . reniformis 
than M , incognita. When M . incognita was inoculated along 
with R . reniformis and F . oxvsporum f . ciceri, its final 
population was 10474 per pot. This shows that S . reniformis 
and F . oxysporum f . ciceri together caused more inhibition of 
M . incognita than when they were inoculated singly with M . 
incognita. Inhibition in the root-galling due to F . oxvsporum 
f, ciceri and R . reniformis followed exactly the same pattern 
as found with the reduction in the population of M . incognita 
(Table 4a). 
Multiplication of R . reniformis on chickpea was 
comparatively less than M . incognita, as the final population 
was only 21566 per pot when R. reniformis was inoculated 
singly. In combined inoculations, multiplication of B . 
reniformis adversely affected due to M . incognita as well as 
due to F . oxysporum f . ciceri, the latter causing relatively 
more inhibition. Highest inhibition in the multiplication 
of R . reniformis in both the sets was noted in cases where 
R . reniformis was inoculated two weeks after M . incognita or 
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F . oxvsporum f . ciceri and minimum when it was inoculated two 
weeks-prior to them (Table 4a). 
4.4.2 Effect of Individual and coBbined inoculations of 
Me3,oj,doqY|ie incosniM, Rotvlenchulus reniformis and 
FuBarium oxysporum f. ciceri on nematode multipli-
cation, chlorophyll content and plant growth of 
chickpea {Clcer arietinum) cv. K-850 in the absence of 
Phizobjlum. 
This experiment was conducted at the same time with the 
other experiment (4.4.1), where seeds were bacterized before 
sowing, and then the plants were inoculated by the test 
pathogens at different combinations under same conditions. In 
the absence of Rhizobium, the growth parameters did not reach 
to the level as they were noted in presence of Rhizobium and 
hence overall reduction was observed in plant length, fresh 
as well as dry weight, pod number and chlorophyll content of 
chickpea plants (Table 4b). The extent of damage in plant 
length, fresh weight and chlorophyll content of leaves due to 
different pathogens was more in absence of Rhizobium, 
however, in dry weight and pod number it was slightly 
decreased. The maximum and minimum damage caused by various 
combinations was same as found in presence of Rhizobium. 
Moreover, the formation of root-galls and nematode 
multiplication in individual inoculation was found in the 
present experiment (absence of Rhizobium) as compared to 
presence of Rhizobium. In absence of Rhizobium there was more 
inhibition in the population of M . incognita due to 
reniformis and/or Fusarium oxvsporum f . ciceri in most of the 
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inhibition due to M . incognita and/or F . oxysporum f. ciceri 
was more pronounced in presence of Rhizobium in most of the 
combinations. In the above cases the inhibition in the 
population of M . incognita and reniformis was more when 
both the nematodes were inoculated simultaneously with F. 
oxyspoyum f . cjceyj. 
Significant reductions in different parameters of 
chickpea plant such as plant length/ fresh as well as dry 
weight/ pod number and chlorophyll content over control were 
observed in individual as well as combined inoculations (at 
various time intervals) of Meloidogyne incognita, 
Rotylenchulus reniformis and Fusarium oxysporum f . ciceri 
(Table 4b). 
Among the plants inoculated with individual pathogens, 
the wilt-fungus, F . oxysporum f . ciceri caused maximum 
reduction in different growth parameters followed by 
incognita and R . reniformis. P . oxysporum f . ciceri caused 
34.16% reduction in plant length, 47.52% in fresh weight and 
52.38% in dry weight. M . incognita caused 29.52%, 46.26% and 
49.21% reduction in plant length, fresh and dry weights 
respectively, while R . reniformis caused 27.12%, 44.22% and 
40.95% reduction in above parameters respectively. Similar 
reduction was also noted in other parameters, viz., pod 
number and chlorophyll content (Table 4b). 
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In simultaneous inoculations, M . incognita together 
with F . oxysporum f . ciceri caused greater reduction in all 
growth parameters as compared to R . reniformis + p. oxysporum 
f . ciceri or M . incognita + reniformis combination. 
Combined inoculation of M . incognita and F. oxysporum f. 
ciceri caused 52.22%, 75.22% and 65.71% reduction in plant 
length, fresh and dry weight respectively. These reductions 
were statistically significant. The reduction due to 
simultaneous inoculations of S . reniformis and F . oxysporum 
f . ciceri though statistically significant, was relatively 
less than that caused by M . incognita and F . oxysporum f. 
ciceri combination. Next in order of damaging potential was 
the combination of M . incognita and R . reniformis. Due to 
test pathogens similar trend was also noted with respect to 
reduction in pod number and chlorophyll content. In the 
multipathogenic condition where all the three pathogens were 
inoculated simultaneously, the reduction in different 
parameters was much higher than that caused by other 
combinations (Table 4b). 
Sequential inoculations of the test pathogens also 
caused significant reduction in different parameters, 
however, it was less than that caused by simultaneous 
inoculations but more than that caused by single pathogens 
(Table 4b). Among different combinations of post-as well as 
prior-inoculations, it was observed that combination of M . 
incognita with F . oxysporum f . ciceri brought about greatest 
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reduction in different parameters compared to other 
combination of pathogens. Two-weeks prior-inoculation of 
M. incognita from F . oxysporum f. ciceri had more adverse 
effect on different parameters than prior-inoculation of 
F . oxysporum f . ciceri from M . incognita excepting for dry 
weight. In the remaining combinations of post-and prior-
inoculations with R . reniformis and F . oxvsporum f. ciceri 
the damage was also found more in most of the parameters 
where nematode was introduced two weeks earlier than the 
fungus. 
Chickpea is a good host for both the test spp. of 
nematodes. This is evident from their high multiplication 
rate as well as formation of root-galls in case of M . 
incognita. However/ these nematode spp. showed antagonism to 
each other as their populations declined in combined 
inoculations (Table 4b). Final population of M . incognita was 
24964 in individual inoculated plants, however, in presence 
of B . reniformis and F . oxvsporum f . ciceri it declined to 
20192 and 16649 respectively in simultaneous inoculations. 
Final population of M . incognita also declined when it was 
inoculated two weeks prior or after other pathogens, 
however, the reduction was less in prior-inoculation compared 
with post-as well as simultaneous inoculations. The fungus 
appeared to be more antagonistic/inhibitory to R . reniformis 
than M . Incognita. When M . incognita was inoculated along 
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with R . renlformis and F . oxvsporuin f . ciceri» its final 
population was 10076 per pot. This shows that £ . reniformis 
and oxvsporum f. cjceri together caused more inhibition of 
£1. incognita than when they were inoculated singly with M. 
incognita. Inhibition in the root-galling due to F . oxysporum 
f* ciceri and R . reniformis followed exactly the same pattern 
as found with the reduction in the population of U . 
incognita (Table 4b). 
Multiplication of R . reniformis on chickpea was 
comparatively less than M . incognita as the final population 
was only 22053 per pot when R . reniformis was inoculated 
singly. In combined inoculations, multiplication of 
B* reniformis was adversely affected due to M . incognita as 
well as due to F . oxysporum f . ciceri, the latter causing 
relatively more inhibition. Highest inhibition in the 
multiplication of reniformis in both the sets was noted in 
cases where E* reniformis was inoculated two weeks after M. 
incognita or F . oxvsporum f . ciceri and minimum when it was 
inoculated two weeks prior to them (Table 4b). 
4.5.1 Effect of individual and combined inoculation of 
M^lojldogyng incpqnjtA and Fus^yjun pyyspogum f. Gjcgyj 
on plant growth, pollen fertility, chlorophyll content 
and nematode multiplication at different growth stages 
of chickpea (Cicer MieMQlim) cv. K-850 in the 
presence of Rhizobtnm. 
The individual as well as combined inoculations of the 
root-knot nematode, Meloidogvne incognita and the wilt-
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reduction in plant length/weights, number of anthesis buds, 
number of flowers, pod number, pollen fertility, root-
nodulation and chlorophyll content at all the growth stages 
of chickpea, e.g., vegetative, anthesis, pre-blooming, full-
blooming, post-blooming, pod-setting and pod-maturing stage. 
However, the reduction generally increased with the age of 
the plant (starting from vegetative to pod-maturing stage) . 
The wilt fungus was found to be more detrimental than the 
root-knot nematode. There was further reduction in plant 
length/ weight in combined inoculations of nematode and 
fungus, though it was less than the total sum of the damage 
caused by either of them alone (Table 5a). 
During the anthesis stage, significant reduction was 
noted in the total number of anthesis buds. There were 48.4 
buds in uninoculated control which decreased to 35.2 in 
nematode -and 30.7 in fungus - inoculated plants whereas 
further reduction in bud number was observed in combined 
inoculation of the nematode and the fungus. Similar trend of 
reduction was also noted in the number of blooming flowers, 
however, the number of flowers, irrespective of inoculaticn 
gradually decreased from pre-blooming to post-blooming stage, 
probably because of flower dropping as a natural consequence 
is one of the reasons. Pollen fertility was also found to be 
adversely affected by the test pathogens. Combined 
inoculation of both the pathogens caused highest reduction in 
total fertile pollen grains followed by single inoculation of 
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the fungus and the nematode in that order (Table 5a). 
In the pod-setting stage, the pod number was reduced due 
to the infection of the test pathogens and the numbers 
declined to 24.7 in nematode-inoculated and 15.4 in fungus-
inoculated plants. The combined inoculation with the 
nematode and the fungus caused further inhibition in their 
formation as only 9.5 pods were formed while there were 
44.5 pods in uninoculated control, similar trend was also 
noted during pod-maturing stage, however, number of pods in 
all the treatments were decreased but the fungus alone and 
combined inoculation with nematode caused greater reduction 
(Table 5a). 
The chlorophyll content of leaves gradually increased 
with the age of the plant until post-blooming stage after 
which it declined gradually. Inoculation with the nematode 
and the fungus separately brought about significant reduction 
in the chlorophyll content more being in the latter case. 
There was further reduction in chlorophyll content when both 
the pathogens were inoculated simultaneously (Table 5a). 
There was no appreciable change in root-nodule index 
during different growth stages in uninoculated control. 
However, the simultaneous inoculation with the nematode and 
fungus caused significant reduction followed by the fungus 
alone and then the nematode alone (Table 5a). 
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The multiplication rate of the root-knot nematode was 
high during early growth stage of plants (Vegetative stage). 
It increased further in later stages, however, the increase 
in multiplication was comparatively at low rate. Moreover, 
the increase in multiplication was noted only upto pod-
setting stage beyond which population declined. In combined 
inoculations with the fungus, multiplication of the nematode 
was adversely affected (Table 5a). 
4.5.2 Effect of Individual and combined inoculation of 
Meloidoqyne incognita and Fusarimn oxysporum f. cicerj 
on plant growth, pollen fertility, chlorophyll content 
and nematode multiplication at different growth stages 
of chickpea (Cicer arletlnum) cv. K-850 in the 
absence of Rhlzobium. 
This experiment was conducted simultaneously with the 
other experiment (4.5.1), where seeds were bacterized before 
sowing, and then the plants were inoculated with the 
nematode and fungus under same conditions. It was noted that 
there was an overall reduction in plant length, fresh/dry 
weight, numbers of anthesis buds, flowers and pods, pollen 
fertility and chlorophyll content of chickpea leaves as 
compared to those plants which were raised from bacterized 
seeds. In absence of Rhizobium nematode multiplication and 
root-knot development were, however, more (Table 5b). 
In absence of Rhizobium too, individual as well as 
combined inoculations of root-knot nematode, Meloidogvne 
incognita and the wilt-fungus, Fusarium oxvsporum f. cicerj 

























1 i s 
S s St ^ 
5 g u t 
















CM — -I — cs c> 
o c> o o o o 
—. o o o o o 
I I I I 
I I I 1 
3 g g 5 § 
cs — —; o o o 
S 5 S ^ § i 
O O <3 c5 o o 
g IS i 3 § s 
o o c> o o 
I ' l l 
I ' l l 
<5 
E6 P5 
1 !£? 1 P! 
A SS S C N s? 
in 00 ^  -: id C O 
C O 
s ^ lA C N CM -o r4 C N 
51 
l O • - f cA in 
s 
1 1 K? 
RS S f5 R cQ -JO 
© S " « Pi 
s; 8 
CO o CO CO CM O 
CO •w 
CO 2 CO 
R K G g K 5 
CM —" —• o o o 
s s s s § § 
O o O o o o 
§ s § •--I o o <=» c> o 
CN —• O c> 
s ^^  i i g 
o o o o o o 
8 g s ^ ^  
r-3 o o o <:> 
S 5? t? W " si fri a 
U-? CM hO C'-* -a CN o 
CO CN 
m * cvj IS ST^  
K • ' ' ' 
U-) 
S ' 
£3 in S8 C N 
« 5? pi? S 
5 IS S ? s SS -o S C? I f C N S 
l i T M C N 
• o o ifJ C N c s c> in C N 
8 W O ^ if? o S: C N <3 C N — o C N —• - - o 
s « 
- o C N « 8 Pi 
ho cO C N — M C N C N —I C N C N — 
8 
1 •Sr S? SS 
ES 
i n C N C N 
C N — 
S s. SJ N 3 
C N — 
SI 
"BT •w 58 
•.o 03 -O 
8 rS 
N3 CN fNl 
CN o r=i 
UT 
3 P3 
t SP K s 







o & ( CN ir5 
•cT tf K S 
•r -i « tri 
CN s. Fi 
o 
si CN c> o 
S? e 
in pi CO CO U*) 
§ 
1 i in ••H 
ca 
CJ cJ & 
I I I 
ca ca 
c j CJ 






•f? a a.. ? 





S w — 
S 
J t l 
3 I s 
s JQ 
1 
















§ ss fc g pi 
O CO ^  C^  
CN —^  —i c> o c? 
s ^ ^ g g 
o o <r> o o 
^ O O O o c 




I ll ' E2 
^ ^ 
' S K 3 
p g? a ft K 
m CN o o 
K W g 8 
t>3 — <=5 o 
E2 rS R 
' S? Ifi 25 
S « E3 fS Pj IP 
S 83 G E3 
c<3 rn ~ 
s :a s 











r-J —' o o o o 
03 -o-i CnI C^ I/? •.o O^ o rv. "I** •d- c-J ' o O 
c:> o <:> o <r> o 
§ ^  S liS s 
O <3 o o o 
I I I I 
M CO ^  o iS K 
~ CO Irj -5 cJ 
R I 
S? 
' S fi 
« iq S R 
^ fO fs O o 
fij S E8 
CS — o o 
8 © fe 8 
itr c-3 —J " 
iS K 
S uR " 
K ^ 3 ffi :2 
O^  OS u-5 c^  
trj ^  » ?S 
c>i CN 
^ a s zs 
—; -o <3 r-5 
iq ffi 
' « K 
R s; & ts? « 
ui {-3 
Ft 2 p: K 
o^  CO 
s ffi ^ R 
fij S2 id 
S P § ^  S 
c^ o o o o o 
o o o o o o 
C^  CO 
e K S K 2 s 
c? o o o o 
C^  -J3 ^  
g § ?! 
l a 
ca 
tJ a cJ £ 









f^  — 
o d o 
p: P? 




c^  ^ 
s ss S ?S 
0"> u-5 t-i 
—< f—. ^ o 
y") 
cS p; s ti 
s s R « 
CN O od r-^  
8 •ft-CO r^  
-o in ^ 




ca e^  















of anthesis buds, flowers and pods pollen fertility and 
chlorophyll content at all the growth stages of chickpea, 
e.g., vegetative, anthesis, pre-blooming, full-blooming, 
post-blooming, pod-setting and pod-maturing stage. However, 
in general the reduction increased with the age of the plants 
(different growth stages from vegetative to pod-maturing 
stage). The fungus was found to be more damaging than the 
nematode. The reduction in plant length/weight further 
increased when the fungus and the nematode were inoculated 
together, though it was less than the total sum of the damage 
caused by either of them alone. Interestingly the percentage 
of reduction in plant length/weight due to the test pathogens 
was more in absence of Rhizobium thereby showing greater 
activity. 
During anthesis stage, significant reduction was noted 
in the total number of anthesis buds. There were 37.5 buds in 
uninoculated control which decreased to 25.4 in nematode-and 
20.3 in fungus-inoculated plants whereas further reduction in 
the no. of buds was observed in combined inoculation of the 
nematode and the fungus. Similar trend of reduction was also 
noted in the number of mature flowers, however, the number of 
flowers irrespective of inoculation gradually decreased from 
pre-blooming stage to post-blooming stage probably because of 
flower dropping as a natural consequence. Percent pollen 
fertility was also found to be adversely affected by the test 
pathogens. Combined inoculation of both the pathogens caused 
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highest reduction in total fertile pollen grains in pre-
blooming as well as in full-blooming stage followed by single 
inoculation of the fungus and the nematode in that order 
(Table 5b). 
In the pod-setting stage, the pod number was reduced 
due to the infection of the test pathogens and the numbers 
declined from 35.3 in control plants to 11.8 in nematode-
inoculated and 8.6 in fungus-inoculated plants. The combined 
inoculation with the nematode and the fungus caused further 
inhibition in their formation as only 5.0 pods were formed. 
Similar trend was also noted during pod-maturing stage. The 
chlorophyll content of leaves gradually increased with the 
age of the plant until full-blooming stage after which it 
declined gradually. Inoculation with the nematode and the 
fungus separately brought about significant reduction in the 
chlorophyll content, more being in the latter case. There was 
further reduction in chlorophyll content when both the 
pathogens were inoculated simultaneously (Table 5b). 
The multiplication rate of the root-knot nematode was 
high during early growth stage of plants (vegetative stage). 
It increased steadily further in the latter stages, however 
the increase in multiplication was comparatively at low 
rate.Moreover, the increase in multiplication was noted only 
upto pod-setting stage beyond which population declined to 
some extent. In combined inoculations with the fungus 
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multiplication of the nematode was adversely affected. 
Similar trend was also noted in the number of root-galls 
produced of the nematode (Table 5b). 
4.6.1 Effect of individual and combined Inoculation of 
Rotvlenchulus reniformis and Fusarium oxvsporum f. 
ciceri on plant growth, pollen fertility, chlorophyll 
content eind nematode multiplication at different 
growth stages of chickpea (Cicer arietinum) cv. K-850 
in the presence of Rhizobium. 
The results of the experiment, as presented in Table 6a 
clearly indicate that the inoculation of reniform nematode, 
Rotylenchulus reniformis and wilt-fungus, Fusarium oxvsporum 
f. ciceri individually and simultaneously brought about 
significant reduction in plant length/weight, number of 
anthesis buds, number of flowers, pod number, root-nodulation 
and chlorophyll content in all the growth stages of chickpea, 
e.g., vegetative, anthesis, pre-blooming, full-blooming, 
post-blooming, pod-setting and pod-maturing stage. Generally 
the reduction in various parameters increased gradually with 
the age of the plants (different growth stages starting from 
vegetative to pod-maturing stage). The test fungus was found 
to be more detrimental to plants than nematode. The reduction 
in plant length/weight further increased when the fungus and 
the nematode were inoculated simultaneously though it was 
less than the total sum of the damage caused by either of 
them alone. 
During the anthesis stage there were 48.4 just open 
buds in uninoculated control which decreased to 40.5 in 
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reduction was greater in combined inoculation of both the 
pathogens (26.7 buds). Similar trend in the reduction was 
also noted in the number of mature flowers, however the 
number of flowers, irrespective of inoculation, gradually 
declined from pre-blooming stage to post-blooming stage 
probably because of flower dropping as a natural 
phenomenon.Pollen fertility was also found to be adversely 
affected by the test pathogens, highest reduction was caused 
by combined inoculation followed by single inoculation of the 
fungus and then the nematode in that order (Table 6a). The 
pollen fertility declined from pre-blooming to full-blooming 
stage. The greater inhibition in pod formation was observed 
in combined inoculation with both the test pathogens in pod 
setting and pod maturing stage where they were 12.2 and 9.0 
respectively, however the number of pods in other treatments 
slightly declined probably because of slight pod-shedding, in 
the due course of time (Table 6a). 
The chlorophyll content of leaves gradually increased 
with the age of the plant until post-blooming stage, beyond 
which it gradually declined in control set. Inoculation with 
the nematode and the fungus brought about significant 
reduction in the chlorophyll content, more being in the 
latter case. There was further reduction in chlorophyll 
content in all growth stages when both the pathogens were 
inoculated simultaneously (Table 6a). 
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There was no appreciable change in root-nodule index 
during different growth stages in uninoculated control. 
However, the simultaneous inoculation with the nematode and 
fungus caused significant reduction followed by the fungus 
alone and then the nematode alone in all the growth stages. 
The multiplication rate of the reniform nematode was 
found high during early growth stage of plants (Vegetative 
stage). It increased further in later stages, however the 
increase in multiplication was comparatively at low pace. 
Moreover, the increase in multiplication was noted only upto 
pod-setting stage beyond which population declined. In 
presence of the fungus, the nematode multiplication was 
adversely affected and the per cent reduction in nematode 
population in combined inoculations increased from the very 
first stage to the last stage of plant growth (Table 6a). 
4.6.2 Effect of individual and combined inoculation of 
Rotylqnchu^uB y^nifpgn^jg and Fusayjm^ ora^poi^uin f. 
cicerl on plant growth, pollen fertility, chlorophyll 
content and ne^tode Bultiplication at different 
growth stages of chickpea (Cicer arietinum) cv. K-850 
in the absence of Rhizobium. 
This experiment was conducted simultaneously with the 
other experiment (4.6.1), where seeds were bacterized before 
sowing and then the plants were inoculated with the fungus 
and nematode under same condition. It was noted that there 
was an overall reduction in plant length, fresh/dry weights, 
number of anthesis buds, flowers and pods, pollen fertility 
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those plants which were raised from bacterized seeds. The 
multiplication of nematode was more than that in the presence 
of Rhizobium (Table 6b). 
It was observed that in the absence of Rhizobium too, 
individual as well as combined inoculations of reniform 
nematode, Rotylenchulus reniformis and the fungus, Fusarium 
oxysporum f . ciceri caused significant reduction in plant 
length/weights, number of anthesis buds, flower and pods and 
chlorophyll content at all the growth stages of chickpea 
e.g., vegetative, anthesis, pre-blooming, full-blooming, 
post-blooming, pod-setting and pod-maturing stage. Generally 
the reduction increased with the age of the plants (starting 
from vegetative up to pod-maturing stage). The fungus found 
/ 
to be more detrimental to plants than nematode. The reduction 
in plant length/weight further increased when the fungus and 
the nematode were inoculated together, though it was less 
than the sum of the damage caused by either of them alone. 
Interestingly the percentage of reduction in plant length/ 
weights due to the terst pathogens was more in absence of 
Rhizobium thereby sowing greater activity. 
During the anthesis stage there were 37.5 just open 
buds in uninoculated control which decreased to 29.3 in 
nematode-and 20.3 in fungus-inoculated plants while the 
reduction was greater in combined Inoculation of both the 
pathogens as the n o . was recorded as 17,5 only, similar trend 
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of reduction was also noted in the number of mature flowers, 
however, the number of flowers irrespective of inoculation 
gradually declined from pre-blooming to post-blooming stage 
probably because of flower dropping as a natural consequence. 
Percent pollen fertility was also found to be adversely 
affected by the test pathogens, highest reduction was caused 
by combined inoculation followed by single inoculation of 
the fungus and nematode in that order (Table 6b) and this 
phenomenon was declined from pre-blooming to post-blooming 
stage. 
The formation of pods was greatly inhibited in combined 
inoculation with the nematode and the fungus in the pod-
setting and pod-maturing stage where they were 8.3 and 5.5 
respectively, however, the number of pods in other treatments 
was slightly less probably because of slight pod-shedding in 
the due course (Table 6b). 
The chlorophyll content of leaves gradually increased 
with the age of plant until post-blooming stage, beyond which 
it gradually declined in control set. Inoculation with the 
nematode and the fungus brought about significant reduction 
in the chlorophyll content, more being in the latter case. 
There was further reduction in chlorophyll content in all the 
growth stages when both the pathogens were inoculated 
simultaneously (Table 6b). 
During early growth stage of chickpea plant (vegetative 
stage) the multiplication rate of reniform nematode was 
160 
highest and it increased further in later stages, however the 
increase in multiplication was comparatively at low pace. 
Moreover, increase in multiplication was noted only upto 
pod-setting stage beyond which population declined to some 
extent. In presence of the fungus, the multiplication of 
nematode was adversely affected and the per cent reduction in 
nematode population in combined inoculation increased with 
the growth stages of plants (Table 6b). 
4.7.1 Effect of individual and combined inoculation of 
Meloldoqyne incognita and Fusarium oxysporum f. ciceri 
at different age of chickpea (Cicer arietinum) cv. 
K-850 on plcmt growth, pollen fertility, chlorophyll 
content and nematode multiplication in the presence of 
fihizobjum. 
This experiment was designed to know whether there was 
any effect on pathogenicity or any relationships between the 
pathogens, if inoculations of root-knot nematode, Meloidogyne 
incognita and the wilt-fungus, Fusarium oxysporum f . ciceri 
were made at different age of chickpea plants. It is clear 
from the results that there was significant reduction in 
plant growth (length, fresh and dry weights), number of pods, 
pollen fertility, chlorophyll content and root-nodule index 
in plants inoculated with either of the test pathogen singly 
or simultaneously, and irrespective of the timing of inocula-
tions. However, the reduction in these parameters gradually 
decreased as the inoculations were delayed. Thus maximum 
reduction was noted in plants inoculated at the age of two 
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eight weeks. In all these treatments fungus was found to be 
more damaging to above parameters than the nematode. Combined 
inoculations of both the pathogens brought about further 
inhibition but it was less than the total sum of reduction 
caused by either of them alone (Table 7a). 
Multiplication rate of nematode was found higher in the 
plants inoculated with the nematode singly at the age of two 
weeks and then multiplication rate decreased as the 
* 
inoculations were delayed. Presence of the fungus appears to 
have adverse effect on nematode multiplication, irrespective 
of timing of inoculations. Similar trend was also noted in 
the root-knot development. The detailed results are as 
follows: 
Maximum reduction in plant length was observed in the 
case where the plants were inoculated at the age of two 
weeks. The wilt-fungus caused more reduction (42.53%) than 
the root-knot nematode (35.22%) but their association caused 
further reduction to plants as it was noted in the plants 
when these were inoculated at the age of eight weeks. The 
wilt-fungus caused 19.21%, nematode 16.18% and their 
association 22.62% reduction in plant length (Table 7a). 
Individual and combined inoculations of both the test 
pathogens also caused maximum reduction in fresh/dry weights 
in plants inoculated at the age of 2 weeks. Combined 
inoculation brought about 75.06% and 70.50% reduction 
respectively in fresh and dry weights. Corresponding figures 
164 
for nematode alone were 52.34% and 54.50% and for fungus 
alone 55.57% and 60.00%. The reduction in fresh/dry weights 
gradually decreased with minimum reduction being in the 
plants inoculated at the age of eight weeks. Combined 
inoculation caused 32.59% and 36.38% reduction respectively 
whereas the fungus alone brought about 30.59% and 35.50% and 
nematode alone . 18.34% and 20.88% reduction respectively 
(Table 7a). 
Similar trend was also noted in case of pod number per 
plant. There were 18.4, 14.2 and 6.4 pods in plants 
inoculated at the age of 2 weeks with the nematode alone, 
fungus alone and the combination of the two compared with 
42.8 pods in uninoculated plants. Whereas the minimum damage 
in pod number was found in plants inoculated at the age of 
eight weeks. In this set there were 32.6 pods in nematode, 
21.3 in fungus -and 15.0 in combined-inoculated plants 
(Table 7a). 
Highest inhibition in pollen fertility was observed in 
plants inoculated at the age of two weeks which gradually 
decreased till the inoculations were made at 8 week age. In 
the former case (inoculation at 2 week age), the pollen 
fertility (as measured in percentage) was 35.45%, 33.40% and 
21.45% in nematode, fungus and nematode + fungus inoculated 
plants compared with 93.56% in uninoculated control. Whereas 
in the latter case, there figures were 62.49%, 50.50? and 
44.26% respectively (Table 7a). 
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Maximum reduction in chlorophyll content of leaves was 
also found in the plants inoculated at the age of two weeks. 
The chlorophyll contents in uninoculated control was 2.359 
mg/g. It decreased to 1.387 mg/g in nematode, 1.216 mg/g in 
fungus and 0.687 mg/g in nematode+fungus inoculated plants. 
While minimum reduction was noted in plants inoculated at the 
age of eight weeks. The corresponding figures for chlorophyll 
content in plants inoculated at the age of 8 weeks were 1.845 
mg/g, 1.555 mg/g and 1.227 mg/g respectively (Table 7a). 
Highest inhibition in root-nodule index was observed in 
plants inoculated at the age of two weeks which gradually 
decreased till the inoculations were made at the age of 8 
week. In the former case (inoculation at 2 week age), the 
root-nodule index was 2.0, 1.6 and 1.0 in nematode, fungus 
and nematode + fungus inoculated plants compared with 4.8 in 
uninoculated control. Whereas in the latter case these 
figures were 4.0, 2.8 and 2.4 respectively (Table 7a). 
Highest multiplication of the nematode was noted when 
nematodes were inoculated to 2-week old plants, the final 
population (soil + root) being 23856. The multiplication 
gradually reduced till the last inoculations which were made 
at plant age of 8 weeks; it gave lowest figure of 12456 
nematodes. In the combined inoculations with the fungus, the 
reduction in nematode population was found highest In the 
plants inoculated at the age of two weeks and lowest in 
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plants inoculated at the age of eight weeks, the figures 
being 13645 and 6854 respectively. There were 198.5 root-
galls in plants inoculated with the nematode alone at the age 
of two weeks and 100.1 inoculated at the age of eight weeks. 
Similar trend in combined inoculation was also noted, the 
presence of the fungus adversely affected root-galling. There 
were 105.4 root-galls in plants inoculated at the age of 2 
weeks and 55.4 root-galls in plants inoculated at the age of 
eight week (Table 7a). 
4.7.2 Effect of individual and combined inoculation of 
nelQidogyne incognita and Fusarium oxvsporup f. cjceyi 
at different age of chickpea (Cicer arietinum) cv. 
plant growth, pollen fertility, chlorophyll content 
and nematode multiplication in the absence of Rhizo-
biuro 
This experiment was conducted at the same time with the 
other experiment (4.7.1), where seeds were bacterized before 
showing, and then plants were inoculated with the nematode 
and fungus at the same pattern. An overall reduction in plant 
length, fresh/dry weights, pod number, pollen fertility and 
chlorophyll content of chickpea plant as compared with plants 
raised by bacterised seeds was observed. Moreover, nematode 
multiplication and number of root-galls were higher 
(Table 7b) thus causing more reduction in the above growth 
parameters. 
It is evident from the results of the present 
experiment (absence of fihizobium) as presented in Table 7b, 
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fresh and dry weights), number of pods, pollen fertility and 
chlorophyll content in plants inoculated with either of the 
test pathogens singly or simultaneously and irrespective of 
the timing of inoculations. The reduction in these parameters 
was found gradually decreasing as the inoculations were 
advanced. Thus, maximum reduction was observed in plants 
inoculated at the age of two weeks and minimum when they were 
inoculated at the age of eight weeks. In all these 
treatments, fungus was found to be more damaging to above 
parameters than the nematode. Their combined inoculations 
brought about further reduction but it was less than the 
total sum of reduction caused by either of them alone 
(Table 7b). 
Multiplication rate of the nematode was found maximum 
in the plants inoculated with the nematode singly at the age 
of two weeks and then it decreased as the inoculations were 
advanced. Presence of the fungus in combined inoculation 
appears to have adverse effect on nematode multiplication, 
irrespective of timing of inoculations (Table 7b). 
Individual and combined inoculations of both the 
pathogen greatly reduced the plant length when inoculated at 
the age of two weeks. Fungus caused more reduction (45.87%) 
than the nematode (39.83%) but their association brought 
about greater reduction in plants as it was found to be 
55.37%. Whereas minimum reduction was observed in the plants 
inoculated at the age of eight weeks, fungus caused 25.20%, 
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nematode 21.56% and nematode+fungus 31.83% reduction in plant 
length (Table 7b) . 
Maximum reduction was also noted in fresh/dry weights 
in plants inoculated at the age of 2 weeks. Combined 
h* 
inoculation brought about 76.99% and 74.70% reduction 
respectively in fresh and dry weights whereas in case of 
nematode-inoculated plants the reduction were 60.22% and 
62.50% and in case of fungus - inoculated plants 64.87% and 
66.46%. Respective figures for reduction in fresh and dry 
weights when inoculations were made at plant age of 8 weeks, 
were 39.20% and 40.55% in fungus+nematode inoculated plants, 
32.56% and 35.97% in fungus inoculated plants and 22.25% and 
26.37% in nematode inoculated plants (Table 7b). 
The number of pods also decreased gradually from plants 
inoculated at the age of two weeks to those inoculated at the 
age of 8 weeks by the test pathogens. In the former case 
there were 11.4, 9.2 and 5.0 pods in nematode alone, fungus 
alone and the nematode+fungus inoculated plants compared with 
30.8 pods in uninoculated control. Whereas in the latter 
case the minimum damage in pod number was found and the 
respective figures were 25.5, 18.2 and 14.6 (Table 7b). 
Pollen fertility was found to be greatly inhibited in 
plants inoculated at the age of two weeks with the test 
pathogen which gradually decreased as the inoculations were 
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advanced. In this case when inoculations were made at plant 
age of 2 weeks, the pollen fertility (as measured in 
percentage) was 33.46%, 31.40% and 20.27% in nematode, fungus 
and nematode+fungus inoculated plants compared with 90.54% in 
uninoculated control plants whereas the minimum reduction in 
pollen fertility was estimated in the plants inoculated at 
the age of eight weeks, the corresponding figures were 
61.50%, 49.74% and 45.30% respectively (Table 7b). 
Significant reduction was also observed in chlorophyll 
content with minimum in plants inoculated at the age of 2 
weeks and maximum in plant inoculated at the eight of eight 
weeks. In the former case, it decreased from 2.206 mg/g in 
uninoculated control to 1.157 mg/g in nematode, 0.996 mg/g in 
fungus and 0.605 mg/g in nematode+fungus inoculated plants. 
The corresponding figures for chlorophyll content were 1.586 
mg/g in nematode, 1.387 mg/g in fungus and 1.218 mg/g in 
their association when plants were inoculated at the age of 
eight weeks (Table 7b). 
The nematode multiplication was found highest when 
plants were inoculated with the nematodes at the age of 2 
weeks, the final population (soil+root) being 27364. The 
multiplication gradually decreased till the last Inoculations 
which were made at the age of eight weeks, it gave the 
figure of 11857 nematodes. 
The presence o3; fungus adversely affected nematode 
multiplication. Nematode population in the presence of the 
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fungus was 13866 when inoculations were made at plant age of 
2 weeks and 5232 at 8 weeks (Table 7b). 
4.8.1 E££ect of individual and combined inoculation of 
Rotylenchnlus reniformis and Fusarium oxysporunt f. 
clceri at different age of chickpea (Cicer arietinom) 
cv. K-850 on plant growth, pollen fertility, 
chlorophyll content and nematode multiplication in the 
presence of Rhizobium. 
This experiment was carried out to investigate whether 
there was any affect on pathogenicity or any relationship 
between two pathogens, if inoculations of reniform nematode, 
Rotylenchulus renlformis and the wilt-fungus, Fusarium 
oxvsporum f . clceri were made at different age of chickpea 
plants. The results show that there was significant reduction 
in plant growth (len.jth, fresh and dry weights) number of 
pods, pollen fertility, chlorophyll content and root-nodule 
index in plants inoculated with either of test pathogen 
singly or simultaneously and irrespective of timing of 
inoculations. However the reduction was gradually decreased 
in above parameters as the inoculations were delayed. Thus 
maximum reduction was noted in plants inoculated at the age 
of 2 - weeks and minimum when they were inoculated at the age 
of 8 - weeks. In all these treatments the fungus was found to 
be more detrimental to above parameters than the nematode. 
Further inhibition was noted in above parameters when both 
the pathogens were inoculated simultaneously but it was less 
than the total sum of reduction caused by either of them 























i: ^ M 
£ ^ ^^  
s a. ci. 
Ol ^ 












® s a 
-A 
r>i B 
—• o o o 
s § g 
o o o o 
s !S 
<> o c> 
» ^ ^ £ c8 
E2 S R « » 
cs —< O <9 <=> 
g ^ ^ ^ § § 
o o <=> o o o 
O CO ««• —• —I o 
g = ES q C:; 
•M -3 c5 <3 C» O 
iS o S S 
gJ 5? R R " 
g § ^ 5 5 • • • « « » 
CN| o o o cJ — —• —• O c> 
f ^ s 
o o o o •o o d •o 
s s § s 2 s 
— o o o o — o o 
s ?? R FS Co 
g; p? R 
S « 5? S 
S? K S P; 
CO CM o s: 8 00 tr> U-J Sr! CO •sO <cr o CO ts 3 » R eo » s ^ » in o r4 » in 
OD C^{ -a o CO 13 K CO CO 8 CO 3: 3 
e>J o CM -5 O o — o o n-5 - - 0 0 
SJ • —< 1 CO 1 •nr 1 1 1 1 CM 1 tA 1 
t2 8 W 
' S 3 S8 
' § ^ CM —• 
R S 
' S? K 
s 
M S 
a? £3 S3 
8 g : 
c j 
• 
S CM 8 S 
CM 0 
iq s 
ir> r J CM 
8 
CM ^ S s 0 8 f2 
CO c-5 C» —• 00 * * 
0 155 SJ 
cs 0 f>3 - - c> 0 
CM 0 
in cJ CM —' 10 CM —" 
Co l?5 CO 3: 
R • » SS 1 ^ S 
g: 3 S ^ K 3 0 SZ2 
CO CM »•> !2 S 0 CM fO -IT * Si 
S {3 0 ^ # » R S s H 
0 M c> m m 2 U-? in 
S » R s a 0 
NO CI^  CO U-? -d er! -0 ol 
5 K S 
• R » S? 
M 
p; tc? 5 
R S P5 
S 
:S S fS fi ft 
3 » R a 9 
S R CM 
id CM 0 
cS u-> 8 CM 
a R FS 
8 u8 S 
iS? 
id C M 
PI 9 pi 
^^  ? "if CJ SC U. 3= i ^ 
ca 
CJ cJ 
CJ sc Ul. 
g i 
crj ca ^ 
cj (J £ 
CJ 3= U. 
s 
S: H 
•S cJ u! 
tq r-o 
1 s 
8 ^ R CO ro 
2 § 
CM — 











Si Si R 
K? 
















s S -_ ^ 
£ ^ ~ 
III 
l l l l 
i 
i l l 
1 k. 









s § £ 
CM — - - c! ei rs — c:> <3 
^ § i § 0 0 0 0 0 <3 0 0 0 0 
§ g 00 s ^ s 5? 0 s 
—• 0 0 0 — 0 d 
0- CM g 
CM « — 0 0 
IS ^ g 
0 •0 0 0 c> <:> 
174 
5 S § g S 
— —I - I o o 
Pi s s « •rf S p; a 
p; ® » UT si s 
00 r-s «o ca 0 
* K 
oa ro CO r-H 
c-3 C> 0 
I M I C-I 
a s s ? 
' c3 R 52 
S f5 5? R E2 P: 2 ; r~ ^ ^ CVI 
S R S 85 • • • • 
o ~o «»• 
s; g • • • B -O CM o o 
^ U^  CO 
' a R s 
s 
s? s? 5? 
S s S 
id 
8 s s 
















I CM I —. 
w o3 !55 
1 s? 1 fS S a? 
8 a S CO 8 P5 
00 h-) 0 ci oi in mt-
s w R 
CM — CM — 
^ :S 0 in CM CM in r-5 
C>| 
TO 
' ^  IIS R 
g: # a !S f:^  
F3 d ~ 
^ 8 £3 S 
• • • • O ^^ O
S 8 ? 
^ •^> M c> 
W 
• S s a 
sa 2 irf? 5? 2; 5? 
S 2=5 & » " 
8 rs S a 
^ r^  — 
» K 88 P5 
s s K 
g i 
cj a: uu 3C i ^ 
ca ca 
cJ c i 
s 8 
cS w d 






W 00 CO 
3 
If CM c^  
K F3 
I ^ ^ 
Si K S 2 (£2 E8 
£3 K S S 
S S # S 
pj CO ^  f^  
» p; R 
S P? « 
8 i 









a " ™ 
--a. s 





s 5 s 
u; ™ ^ 
S II 
l i t « " " 
175 
renlformis singly or jointly with the fungus was 
comparatively less than that caused by M . incognita singly 
or in combination with the fungus. 
Highest multiplication of the nematode was found in the 
plants inoculated with the nematode singly at the age of two 
weeks and then multiplication rate decreased as the 
inoculations were delayed. Presence of the fungus appears to 
have an adverse effect on nematode multiplication, 
irrespective of timing of inoculations. The results are 
summarised as below: 
Maximum reduction in plant length was noted in the 
case where the plants were inoculated at the age of two 
weeks. The wilt-fungus caused more reduction (42.53%) than 
the reniform nematode (30.48%) but their combination caused 
further reduction to plants as it was noted to be 48.05% 
whereas the minimum reduction was observed in the plants when 
these were inoculated at the age of eight weeks. In this case 
of wilt-fungus caused 19.21%, nematode 16.53% and their 
association 20.38% reduction in plant length (Table 8a). 
Both the test pathogens also caused maximum reduction 
in fresh/dry weights in plants inoculated at the age of two 
weeks either singly and simultaneously. Combined inoculation 
brought about 68.52% and 68.25% reduction respectively in 
fresh and dry weights. Individual inoculation of the nematode 
caused 49.37% and 50.13%, and the fungus 55.57% and 60.00% 
reduction in fresh/dry weights respectively. The reduction in 
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fresh/dry weights gradually decreased with minimum in plants 
inoculated at the age of eight weeks. Combined inoculation 
caused 28,94% and 36.00% reduction respectively whereas the 
fungus broughtabout 30.59% and 35.50% and nematode 16.30% and 
26.00% reduction respectively (Table 8a). 
Similar trend was also noted in case of pod number per 
plant. There were 20.3^ 14.2 and 8.0 pods in plants 
inoculated at the age of 2 weeks with the nematode alone, the 
fungus alone and the combination of the two compared with 
42.8 pods in uninoculated plants whereas the minimum 
reduction in pod number was found in plants inoculated at the 
age of eight weeks. In this set there were 35.7 pods in 
nematoder 21.3 in fungus and 19.2 in combined inoculated 
plants (Table 8a). 
Pollen fertility was also adversely affected. Greatest 
inhibition occurred in plants inoculated at the age of two 
weeks which gradually decreased till the inoculations were 
made at the age of eight weeks. In the former case 
(inoculation at 2 week age), the pollen fertility (as 
measured in percentage) was 40.52, 33.40 and 23.27% in 
nematode, fungus and nematode + fungus inoculated plants 
compared with 93.56% in uninoculated control. Whereas in the 
latter case, these, figures were 74.63%, 50.50% and 49.16% 
respectively (Table 8a). 
Highest reduction in chlorophyll content of leaves was 
also found in the plants inoculated at the age of 2 weeks. It 
177 
was 2.359 mg/g in uninoculated control; it decreased to 1.459 
mg/g in nematode, 1.216 mg/g in fungus and 0.808 mg/g in 
nematode + fungus inoculated plants. Thus minimum reduction 
was noted in plants inoculated at the age of eight weeks. The 
corresponding figures for chlorophyll content in plants 
inoculated at 8 weeks age were 1.977 mg/g, 1.555 mg/g and 
1.449 mg/g respectively (Table 8a). 
Root-nodule index was found greatly reduced in plants 
inoculated at the age of two weeks which gradually decreased 
till the inoculations were made at the age of eight weeks. In 
the former case, the root-nodule index was 2.2, 1.6 and 1.0 
in nematode, fungus and nematode + fungus inoculated plants 
compared with 4.8 in uninoculated control. Whereas in the 
latter . case the root-nodule index was 4,1, 2.8 and 2.6 
respectively (Table 8a). 
The nematode multiplication was found highest when 
plants were inoculated at the age of two weeks, the 
population (soil+root) being 24590. The multiplication 
gradually decreased till the last inoculations which were 
made at plant age of 8 weeks, it gave lowest number of 8124 
nematodes. In the combined inoculations with the fungus, the 
reduction in nematode population was found highest in the 
plants inoculated at the age of two weeks and lowest in 
plants Inoculated at the age of eight weeks, the figures were 
15854 and 5256 respectively (Table 8a). 
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4.8,2 Effect of individual and combined inoculation of 
RotyJlgnc^ulus yenifoymis and Fusarium oxvsporum f. 
clceri at different age of chickpea (Cicer arietinum) 
cv. K-850 on plant growth, pollen fertility, 
chlorophyll content and nematode multiplication in the 
absence of Rhizobiug. 
This experiment was conducted at the same time and on 
the similar pattern \;ith the other experiment (4.8.1), where 
seeds were bacterised before sowing, and then the plants were 
inoculated with the test pathogens singly or in combination. 
There was an overall reduction in plant length, fresh/dry 
weights, pod number, pollen fertility and chlorophyll content 
of chickpea plant as compared with plants raised from 
bacterized seeds. In the present experiment (absence of 
Rhizobium), nematode multiplication was found greater than in 
the other experiment (presence of Rhizobium), thus causing 
more damage in different growth parameters (Table 8b). 
It is clear froii' the results of the present experiment 
(absence of Rhizobium) that individual as well as combined 
inoculations of Rotvlenchulus reniformis and Fusarium 
oxvsporum f . ciceri caused significant reduction in plant 
growth (length, fresh/dry weights), pod number, pollen 
fertility and chlorophyll content. The reduction in above 
parameters was found gradually decreasing as the inoculations 
were delayed. Thus maximum reduction was observed in plants 
inoculated at the age of two weeks and the minimum at the age 
of eight weeks. In all these treatments fungus was found to 
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combined inoculation broughtabout further reduction but it 
was less than the total sum of reduction caused by either of 
them alone (Table 8b). 
Moreover, the damage caused by R . reniformis singly or 
togetherly with the fungus was comparatively less than that 
caused by M . incognita singly or in combination with the 
fungus. 
Maximum multiplication of nematode was noted in plants 
inoculated at the age of two weeks and minimum when 
inoculation were made at the age of eight weeks. Presence of 
the fungus in combined inoculation was found to have an 
adverse effect on nematode multiplication, irrespective of 
timing of inoculations. 
Maximum reduction in plant length was observed when 
plants were inoculated with the test pathogens at the age of 
two weeks. Fungus caused more reduction (45.87%) than the 
nematode (35.65%) but their combined inoculation caused 
greater reduction as it was noted to be 47.55%, on the other 
hand minimum reduction was noted in the plants inoculated at 
the age of eight weeks, the reduction being 25.70% in fungus 
inoculated, 19.14% in nematode inoculated and 27.97% in 
fungus + nematode inoculated plants (Table 8b) . 
Two week old plants showed highest reduction in fresh/ 
dry weights when inoculated with the test pathogens which 
decreased gradually till the inoculations were made at the 
age of eight weeks. In the former case, the reduction in 
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fresh and dry weights caused by fungus alone were 64.87% and 
66.46%, by nematode alone, 54.55% and 61.28% and by their 
combined inoculations 69.37% and 73.02% respectively. In the 
latter case, the corresponding figures for reduction were 
32.56% and 35.98% in fungus alone, 20.60% and 20.43% in 
nematode alone, 33.33% and 37.50% in combined inoculation in 
fresh and dry weights (Table 8b). 
The number of pods were adversely affected due to the 
test pathogens. There were 13.0, 9.2 and 6.5 pods in plants 
inoculated at the age of two weeks with the nematode alone, 
fungus alone and the combination of the two compared with 
30.8 pods in uninoculated plants. Whereas minimum damage in 
pod number was noticed in plants inoculated at the age of 
eight weeks. In this set there were 28.5 pods in nematode 
alone, 18.2 in fungus and 17.4 in nematode + fungus 
inoculated plants (Table 8b). 
Highest inhibition in pollen fertility was estimated in 
plants inoculated at the age of two weeks which gradually 
decreased till the inoculations were made at the age of eight 
weeks. In the former case, pollen fertility as measured 
in percentage was 37.52%, 31.40% and 22.85% in nematode, 
fungus and nematode + fungus inoculated plants compared with 
90.54% in uninoculated plants. Whereas in the latter case, 
these figures were 67.40%, 49.74% and 47.61% respectively 
(Table 8b). 
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Chlorophyll content of leaves greatly reduced in the 
plants inoculated at the age of two weeks. The chlorophyll 
content in uninoculated control was 2.206 mg/g and it 
decreased to 1.201 mg/g in nematode alone, 0.996 mg/g in 
fungus alone and 0.677 mg/g in nematode + fungus inoculated 
plants while minimum reduction was noted in plants inoculated 
at the age of eight weeks and the corresponding figures were 
1.758 mg/g in nematode alone 1.387 mg/g in fungus alone and 
1.318 mg/g in nematode + fungus inoculated plants (Table 8b). 
Multiplication rate of the nematode was found higher in 
plants inoculated at the age of two weeks, the final 
population (soil + root) being 24955 and the multiplication 
gradually decreased till the last inoculation were made at 
the age of eight weeks as the final population was 8727. In 
the combined inoculations with the fungus, the multiplication 
of the nematode was found adversely affected their number 
being 13272 and 5538 respectively when inoculation were made 
at the plant age of 2 and 8 weeks (Table 8b). 
4.9.1 Effect of oil-seed cakes and neniaticldes on different 
parameters of chickpea (Cjcer arietinum) c v . K-850 
inoculated with Meloidogvne incognita and/or Fusarium 
oxysporum f . cicerjL in the presence of Rhizobium. 
The present experiment deals with the effect of oil-
seed cakes of castor, mustard, neem, duan and nematicides, 
viz., dimethoate, aldicarb and carbofuran on different 
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Meloidoqyne Incognita and the wilt-fungus, Fusarium oxvsporum 
f . ciceri singly or jointly in presence of Rhizobium. 
It was observed in the untreated (control) set that 
both the test pathogens singly or in combination caused 
significant reduction in plant length and weight, number of 
p o d s , pollen fertility, root-nodule index and chlorophyll 
content of leaves. However, the effect of fungus was found to 
be greater than the nematode but their combined inoculation 
caused further reduction though, it was less than the total 
sum caused by either of them alone. The application of oil-
seed cakes as well as nematicides brought about not only 
significant reduction in the damage caused by the test 
pathogens but also improvement in plant length and weight, 
number of pods, pollen fertility, root-nodule index and 
chlorophyll content as compared to untreated control. The 
different treatments caused significant reduction in the 
number of root-gal3s in individual as well as in oombined 
inoculated plants which was more pronounced in combined 
inoculation. This may be attributed to different treatments 
as well as to the antagonism of the fungus. Out of different 
oil-seed cakes, neem cake proved to be most beneficial for 
improvement in plant growth and reduction in the disease 
incidence. It was followed in order of efficiency by castor, 
mustard and duan cakes. Application of nematicides, e.g., 
aldicarb, carbofuran and dimethoate also caused considerable 
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improvement in plant growth besides an increase in number of 
p o d s , pollen fertility, root-nodulation and chlorophyll 
content of leaves. All these nematicides showed 
comparatively better results than the oil-seed cakes. Among 
nematicides, dimethoate was found most efficacious to the 
test pathogens followed by aldicarb and carbofuran. The 
inorganic fertilizers also improved plant growth and reduced 
disease incidence but it was much less than the oil—seed 
cakes and the nematicides (Table 9a). 
In the untreated set the plant length was 67.04 cm in 
uninoculated control. The reduction was 27.06% in nematode-
inoculated, 31.13% in fungus-inoculated plants and 52.31% 
when both the pathogens were inoculated simultaneously. Among 
the oil-seed cakes, neem cake was found to be most 
efficacious against the test pathogens and duan cake, least 
efficacious. In presence of different oil-seed cakes, the 
reduction in plant length due to nematode alone, fungus alone 
and nematode + fungus ranged between 13.97 - 19.63%, 15.15 -
24.84% and 39.55% - 48.80% respectively. In case of 
nematicides, dimethoate caused greatest improvement in plant 
length followed by aldicarb and carbofuran. Here in these 
cases reduction in plant length due to nematode alone, fungus 
alone and nematode + fungus was only 7.71 - 11.76%, 10.25 
15.42% and 28.28 - 41.40'% respectively (Table 9a). 
Plant weight was also reduced significantly by the test 
pathogens in the untreated set. The reduction in plant weight 
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over uninoculated ones was 40.02% in nematode-inoculated, 
46.81% in fungus-inoculated and 71.59% in nematode + fungus 
inoculated plants. Among the oil-seed cakes neem cake was 
found to be most efficacious against all the pathogens 
followed by castor, mustard and duan cakes. In presence of 
different oil-seed cakes the reduction in plant weight due to 
nematode alone, fungus alone, and nematode + fungus ranged 
between 20.30 - 27.60% , 22.92 - 30.23% and 50.34 - 57.88% 
respectively. In case of nematicides, dimethoate caused 
greatest improvement in plant weight followed by aldicarb and 
carbofuran. Here the reduction in plant weight due to 
nematode alone, fungus alone and nematode + fungus was only 
12.19-18.19%, 11.92-22.37%, and 31.58-47.23% respectively 
(Table 9a). 
There was not much change in pollen fertility by the 
application of various oil-seed cakes and nematicides. In 
the untreated set it was 89.76% in uninoculated plants 
which decreased to 43.34% in nematode-inoculated, 40.36% in 
fungus-inoculated and 25.20% in their combined inoculation. 
Among the oil-seed cakes, neem cake was found most 
efficacious followed by castor, mustard and duan cakes. In 
presence of different oil-seed cakes the reduction in pollen 
fertility due to nematode alone, fungus alone and nematode + 
fungus ranged between 60.82-58.43%, 56.21-52.27% and 46.50-
38.30% respectively. In case of nematicides, dimethoate 
brought about maximum improvement in the pollen fertility 
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followed by aldicarb and carbofuran. Here in this case the 
reduction in pollen fertility due to nematode alone, fungus 
alone and nematode + fungus ranged between 65.92 - 58.24%, 
64.32-54.25% and 55.40-45.50% respectively (Table 9a). 
The number of pods also enhanced due to the application 
of the oil-seed cakes and the nematicides. In the untreated 
s e t , there were 35.7 pods in uninoculated control while the 
number decreased to 21.2 in nematode-inoculated, 17.5 in 
fungus-inoculated and 8.2 in nematode + fungus inoculated 
plants. Among the oil-seed cakes, greatest improvement in 
pods number was noted in neem cake treated plants. It was 
followed by castor, mustard and duan cakes. In the presence 
of these oil-seed cakes, pod number in plants infected with 
nematode alone, fungus alone and nematode + fungus ranged 
between 38.2-29.2, 31.3-24.3 and 23.5-14.8 respectively. In 
the case of nematicides, dimethoate increased the pod number 
of maximum level and carbofuran the minimum. Here in these 
cases the pod number in plants inoculated with nematode 
alone, fungus alone and nematode + fungus ranged between 
60.2-49.8, 60.5-42.5 and 47.4-29.3 respectively (Table 9a). 
The chlorophyll content of leaves also increased due to 
the application of various oil-seed cakes and nematicides. In 
the untreated set, it was 2.207 mg/g in uninoculated control 
which decreased to 1.525 mg/g in nematode-inoculated, 1.324 
mg/g in fungus-inoculated and 0.841 mg/g in their combined 
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inoculated —plants. Among the oil—seed cakes^ neem cake was 
found to be most beneficial for enhancing the chlorophyll 
content followed by castor, duan and mustard cakes. In the 
presence of these oil-seed cakes, the reduction in chloro-
phyll content due to nematode alone, fungus alone and nema-
tode + fungus ranged between 20.19-28.03%, 28.12-34.01% and 
44.51-48.63% respectively. In case of nematicides, dimetho-
ate caused greatest improvement in chlorophyll content fol-
lowed by aldicarb and carbofuran. Here in these cases reduc-
tion in chlorophyll content due to nematode alone, fungus 
alone and nematode + fungus ranged between 6.61-12.09%, 
9.11-18.88% and 19.06-32.90% respectively (Table 9a). 
The test pathogens caused considerable reduction in the 
root nodulation. However, there was not much change in the 
root nodulation due to the application of oil-seed cakes and 
nematicides. 
As a result of the application of oil-seed cakes and 
nematicides, root-galling was significantly inhibited in 
nematode inoculated plants, highest being in dimethoate 
(47.4) followed by aldicarb (52.3), carbofuran (74.3), neem 
cake (82.5), castor cake (96.5), mustard cake (101.3) and 
duan cake (110.5). Even inorganic fertilizers caused 
considerable reduction in root-galling as there were 142.5 
galls per plant compared with 174.4 galls in untreated 
control. The inhibition in root-galling was more pronounced 
when fungus was also present. It is understandable since 
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fungus in the untreated (control) set had also inhibited the 
root-galling (Table 9a). 
On the basis of above results with respect to 
improvement in different parameters and reduction in root-
galling the different treatments can be arranged in order of 
efficiency as: dimethoate > aldicarb > carbofuran > neem 
cake > castor cake > mustard cake > duan cake. 
4.9.2 Effect of oil-seed cakes and nematicides on different 
parameters of chickpea (Cicer arietinum) cv. K-850 
inoculated with Meloidoqvne incognita and/or Fusarium 
oxvsporum f. ciceri in the absence of Rhizobium. 
This experiment was conducted simultaneously with the 
other experiment (4.9.1), where seeds were bacterized before 
sowing, and then the plants were inoculated with the fungus 
and nematode under same conditions. It was noted that in 
absence of Rhizobium there was an overall reduction in plant 
length and weight, pollen fertility, pod number, and 
chlorophyll content of leaves of chickpea even after 
application of oil-seed cakes and various nematicides as 
compared to those plants which were raised from bacterized 
seeds. Moreover, the test pathogens caused comparatively more 
damage to the plants. The formation of root-galls was more 
than that in presence of Rhizobium. The efficiency of various 
oil-seed cakes and nematicides also decreased against the 
test pathogens. This experiment also deals with the effect of 
oil-seed cakes of n e e m , castor, mustard, duan and 
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different parameters of chickpea inoculated with the root-
knot nematode, Meloidoqyne incognita and/or the wilt-fungus, 
Fusarium oxvsporum f. ciceri in absence of Rhizobium. 
It was observed in the untreated (control) set that 
both the test pathogens singly or in combination brought 
about significant reduction in plant length and weight, pod 
number, pollen fertility and chlorophyll content of leaves. 
However, fungus was found more detrimental than the nematode, 
but greatest reduction was noticed in their combined 
inoculation, though it was less than the total sum caused by 
either of them alone. The application of oil-seed cakes as 
well as nematicides brought about significant reduction in 
the damage caused by the test pathogens, consequently 
improvement was noted in different growth parameters as 
compared to untreated control. Different treatments also 
caused significant reduction in the number of root-galls, 
both in absence or presence of the fungus. However, it was 
more pronounced in the latter case. This may be attributed to 
different treatments as well as to the antagonism of the 
fungus. Neem cake proved to be most beneficial out of 
different oil-seed cakes tested for improvement in plant 
growth and reduction in the disease incidence. It was 
followed in order of efficiency by mustard, castor and duan 
cakes. Application of nematicides, e.g., dimethoate, aldicarb 
and carbofuran also caused considerable improvement in plant 
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growth besides an increase in pod number, pollen fertility 
and chlorophyll content of leaves. Hence, it was observed 
that the application of nematicides showed comparative]y 
better result than the oil-seed cakes. Among the 
nematicides, dimethoate was found efficacious against the 
test pathogens followed by aldicarb and carbofuran. The 
inorganic fertilizers also improved plant growth and checked 
disease incidence but it was much less than the oil-seed 
cakes and the nematicides (Table 9b). 
In the untreated set the plant length was 57.85 cm in 
uninoculated control. The reduction was 34.59% in nematode-
inoculated, 38.67% in fungus-inoculated and 55.51% in 
nematode + fungus inoculated plants. Among the oil-seed 
cakes, neem cake was found to be most efficacious against the 
test pathogens and duan the least. In presence of these oil-
seed cakes, the reduction in plant length due to nematode 
alone, fungus alone and nematode + fungus ranged between 
21.32-33.67%, 21.85-37.51% and 37.43-44.78% respectively. In 
case of nematicides, aldicarb was found most beneficial for 
improvement in plant length followed by dimethoate and 
carbofuran. Here in these cases reduction in plant length due 
to nematode alone, fungus alone and nematode + fungus was 
only 10.43-22.07%, 10.78-26.14% and 21.84-35.85% respectively 
(Table 9b). 
The test pathogen.'; also caused significant reduction in 
plant weight in the untreated set, where reduction in plant 
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weight over uninoculated ones was 46.71% in nematode 
inoculated, 50.73% in fungus-inoculated and 75.56% in 
nematode + fungus inoculated plants. Among the oil-seed 
cakes, neem cake was found to be most efficacious against all 
the pathogens followed by mustard, castor and duan cakes, in 
presence of different oil-seed cakes the reduction in plant 
weight due to nematode alone, fungus alone and nematode + 
fungus ranged between 21.25-31.59%, 25.12-36.06% and 41.69-
53.34% respectively. In case of nematicides, aldicarb caused 
greatest improvement in plant weight followed by dimethoate 
and carbofuran. Here the reduction in plant weight due to 
nematode alone, fungus alone and nematode + fungus was only 
16.71-21.09%, 15.12-24.34% and 27.14-42.14% respectively. 
Individual as weil as combined inoculation of the test 
pathogens also caused significant reduction in pollen 
fertility. In the untreated set, it was 84.50% in 
uninoculated plants, which decreased to 35.42% in nematode-
inoculated, 31.66% in fungus-inoculated and 22.64% in 
nematode + fungus inoculated plants. However, there was not 
much change in pollen fertility due to the application of 
oil-seed cakes and nematicides (Table 9b) . 
The pod formation also increased due to application of 
oil-seed cakes and nematicides. In the untreated set, there 
were 24.4 pods in uninoculated control, while the number 
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decreased to 15.3 in nematode-inoculated, 9.2 in fungus-
inoculated and 5.0 in nematode + fungus inoculated plants. 
Among the oil-seed cakes the pod formation was found greatest 
in neem cake treated plants followed by mustard, castor and 
duan cakes. In the presence of these oil-seed cakes, pod 
number in plants infected with nematode alone, fungus alone 
and nematode + fungus ranged between 32.2-20.3, 26.2-15.4 and 
18.4-8.5 respectively. In case of nematicides, aldicarb 
increased pod number to maximum level followed by dimethoate 
and carbofuran. Here in these cases, the pod number in plants 
inoculated with nematode alone, fungus alone and nematode + 
fungus ranged between 38.2- 30.8, 34.3-25.2 and 25.6 - 15.8 
respectively (Table 9b). 
Due to the application of various oil-seed cakes and 
nematicides resulting increase in total chlorophyll content 
of leaves. In the untreated set, it was 1.857 mg/g in 
uninoculated plants which decreased to 1.024 mg/g in 
nematode-inoculated, 0.869 mg/g in fungus-inoculated and 
0.526 mg/g in their combined inoculated plants. Among the 
oil-seed cakes, neem cake was found to be most beneficial for 
improving the chlorophyll content, it was followed by 
mustard, castor and duan. In the presence of these oil-seed 
cakes, the reduction in chlorophyll content due to nematode 
alone, fungus alone and nematode + fungus ranged between 
16.18-32.09%, 23.03-40.14% and 42.67-55.45% respectively. 
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Among the nematicides, aldicarb improved the total 
chlorophyll content to maximum level followed by dimethoate 
and carbofuran. Here In these cases, reduction in chlorophyll 
content due to nematode alone, fungus alone and nematode + 
fungus ranged between 10.10-19.10%, 9.47-28.83% and 19.67-
38.76% respectively (Table 9b). 
Due to the application of oil-seed cakes and 
nematicides root-galling was significantly inhibited in 
nematode inoculated plants, highest being in dimethoate 
(78.7) followed by aldicarb (85.5), carbofuran (86.3), neem 
cake (115.3), mustard cake (118.4), castor cake (127.4) and 
duan cake (158.7). Even inorganic fertilizers caused 
considerable reduction in root-galling as there were 169.5 
galls per plant compared with 226.5 galls in untreated 
control. The inhibition in root-galling was more pronounced 
in plants inoculated with both the pathogens. It is 
understandable since fungus in the untreated (control) set 
also had inhibitory effect on root-galling (Table 9b). 
On the basis of above findings with respect to 
improvement in different parameters and reduction in root-
galling, the different treatments can be arranged in order of 
efficiency as : dimethoate > aldicarb > carbofuran > neem 
cake > mustard cake > castor cake > duan cake. The treatment 
aldicarb caused highest improvement in growth parameters but 
did not showed highest efficacy against the pathogens. 
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4.10.1 Effect of oil-seed cakes and nematicides on different 
parameters of chickpea (Cicer arietinum) cv. K-850 
inoculated with Rotylenchulus reniformis and/or 
Fusarium oxysporum f.ciceri in the presence of 
Rhizobium. 
The aim of this experiment was to investigate the 
efficacy of oil-seed cakes of neem, castor, mustard and duan, 
and nematicides, viz., dimethoate, aldicarb and carbofuran on 
different parameters of chickpea infected with the reniform 
nematode, Rotylenchulus reniformis and/or the wilt-fungus, 
Fusarium oxysporum f . ciceri in presence of Rhizobium. 
It was observed in the untreated (control) that both 
the test pathogens singly or in combination caused 
significant reduction in plant length and weight, number of 
pods, pollen fertility, root-nodulation and chlorophyll 
content of leaves. However, the effect of fungus was found 
to be greater than the nematode but an increase in the 
reduction was noted with combined inoculation of both the 
pathogens, though it was less than the total sum caused by 
either of them alone. The application of oil-seed cakes as 
well as nematicides broughtabout not only significant 
reduction in disease incidence caused by the test pathogens 
but also improvement in plant length and weight, number of 
pods, pollen fertility, root-nodulation and chlorophyll 
content as compared to untreated control. The different 
treatments caused significant reduction in the multiplication 
of the nematode in individual as well as in combined 
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inoculations. The antagonistic behaviour of the fungus may be 
of the reasons other than the effect of different treatments 
in the inhibition of nematode multiplication (Table 10a). 
Out of the different oil-seed cakes tested, neem cake 
proved to be most beneficial for improvement in plant growth 
characteristics and reduction in the disease incidence. It 
was followed in order of efficiency by castor, mustard and 
duan cakes. Application of nematicides also brought about 
similar results but their performance was comparatively 
better. Among the nematicides, dimethoate was found to be 
most efficacious to the test pathogens followed by aldicarb 
and carbofuran. 
Plant length was 67.04 cm in uninoculated of untreated 
s e t . The reduction was 22.17% in nematode inoculated, 31.13% 
in fungus-inoculated and 45.14% in nematode + fungus 
inoculated plants. Ajnong the oil-seed cakes, neem cake was 
found to be most efficacious against the test pathogens 
followed by castor cake, mustard cake and duan cake. In the 
presence of these oil-seed cakes, the reduction in plant 
length due to nematode alone, fungus alone and nematode + 
fungus ranged between 10.68-14.82%, 15.15-24.84% and 31.67-
44.54% respectively. In case of nematicides, dimethoate 
caused greatest improvement in plant length followed by 
aldicarb and carbofuran. Here in these case reduction in 
plant length due to nematode alone, fungus alone and nematode 
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+ fungus ranged between 7.82-9.90%, 10.25-15.42% and 25.71-
32.53% respectively (Table 10a). 
Significant reduction was also noted in plant weight 
due to the test pathogens. In the untreated set reduction in 
plant weight over uninoculated control was 33.79% in 
nematode-inoculated, 46.81% in fungus-inoculated and 62.52% 
in nematode + fungus inoculated plants. Among the oil-seed 
cakes, neem cake was found to be most-efficacious against 
both the test pathogens followed by castor, mustard and duan 
cakes. In presence of different oil-seed cakes, the reduction 
in plant weight due to nematode alone, fungus alone and 
nematode + fungus ranged between 15.62-19.64%. 29.92-30.23% 
and 44.08-55.87% respectively. In case of nematicides, 
dimethoate caused greatest improvement in plant weight 
followed by aldicarb and carbofuran. Here the reduction in 
plant weight due to nematode alone, fungus alone and 
nematode + fungus was only 10.40-16.19%, 11.92-22.37% and 
27.83-39.28% respectively (Table 10a). 
Pollen fertility was also reduced by infection with the 
test pathogens. In the untreated set, it was 89.76% in 
uninoculated plants, while it was 48.29% in nematode-
inoculated, 40.36% in fungus-inoculated and 27.65% in their 
combined inoculation. However, there was not much change in 
pollen fertility by the application of oil-seed cakes and 
nematicides (Table 10a). 
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The pod-format ion also increased due to application of 
oil-seed cakes and nematicides. In the untreated set, there 
were 35.7 pods in uninoculated control while the number 
decreased to 26.3 i n nematode—inoculated/ 17.5 in fungus-
inoculated and 10.2 jn nematode + fungus inoculated plants. 
Among the oil-seed cakes, the pod-formation was found 
greatest in neem cake followed by castor, mustard and duan 
cakes. In the presence of these oil-seed cakes, pod number 
in plants infected with nematode alone, fungus alone and 
nematode + fungus ranged between 40.3-34.5, 31.3-24.3 and 
26.7-16.7 respectively. In case of nematicides, dimethoate 
increased pod number to maximum followed by aldicarb and 
carbofuran. Here in these cases, the pod number in -plants 
inoculated with nematode alone, fungus alone and nematode + 
fungus ranged between 63.2-51.6, 60.5-42.5 and 50.4-33.2 
respectively (Table 10a). 
Total chlorophyll content of leaves also enhanced due 
to the application of various oil-seed cakes and nematicides. 
In the untreated set, it was 2.207 mg/g in uninoculated plant 
which decreased to 1.664 mg/g in nematode-inoculated, 1.326 
mg/g in fungus inoculated and 0.939 mg/g in nematode + 
fungus inoculated plants. Among the oil-seed cakes, neem cake 
was found to be most beneficial for enhancing the 
chlorophyll content, it was followed by castor, mustard and 
duan cakes. In the presence of these oil-seed cakes, the 
reduction in chlorophyll content due to nematode alone. 
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fungus alone and nematode + fungus ranged between 14.89-
21.28%, 28.16-33.97% and 38.88-45.21% respectively. Among 
nematicides, dlmethoate improved total chlorophyll content 
to maximum level followed by aldicarb and carbofuran. Here in 
these cases, reduction in chlorophyll content due to nematode 
alone, fungus alone and nematode + fungus ranged between 
5.42-9.75%, 9.05-18.58% and 16.46-27.53% respectively. 
The test pathogens also caused considerable reduction 
in the root-nodulation. However, there was not much change in 
the root-nodulation due to the application of oil-seed cakes 
and nematicides (Table 10a). 
As a result of the application of oil-seed cakes and 
nematicides, nematode multiplication was significantly 
inhibited, highest being with dimethoate (46.38) nematode per 
pot) followed by carbofuran (5035), aldicarb (6141), neem 
cake (8265), mustard cake (9895), castor cake (10236) and 
duan cake (12472). Even inorganic fertilizers caused 
considerable inhibition in nematode multiplication as there 
were 15063 nematode per plant compared with 18682 nematode in 
untreated control. The inhibition in nematode multiplication 
was more pronounced when fungus was also present. It appears 
that the fungus inhibited nematode multiplication (Table 10a) 
as has also been shown in the untreated set. On the basis of 
above findings with respect to improvement in different 
parameters and inhibition in multiplication of the nematode. 
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the different treatment can be arranged in order of 
efficiency as: dimethoate > carbofuran > aldicarb > neem 
cake > mustard cake > castor cake > duan c a k e . 
4.10.2 Effect of oil-seed cakes and nematicides on different 
parameters of chickpea (Cicer arietinum) cv. K-850 
Inoculated with Rotvlenchulus reniforrois and/or 
Fusayjuro oxvsporum f . ciceri in the absence of 
fihizobjum. 
The present experiment was carried out simultaneously 
with the other experiment (4.10.1), where seeds were 
bacterized before sowing, and then the plants were inoculated 
with the fungus and nematode under same conditions (Table 
10b). It was observed that in absence of Rhizobium, there was 
an overall reduction in plant length and weight, pollen 
fertility, pod number and chlorophyll content of leaves of 
chickpea even after application of oil-seed cakes and 
nematicides as compared to those plants which were raised 
from bacterized s e e d s . Moreover, the test pathogens caused 
comparatively more damage to the plants. The multiplication 
of nematode was more than that in presence of Rhizobium. The 
efficiency of various oil-seed cakes and nematicides also 
decreased against the test pathogens. 
This experiment also deals with the effect of oil-seed 
cakes of n e e m , castor, mustard and duan and nematicides, 
viz., dimethoate, aldicarb and carbofuran on different 
parameters of inoculated with the reniform nematode, 
Rotvlenchulus reniformis and/or the wilt-fungus, Fusarium 
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It was observed in the untreated (control) that both 
the test pathogens singly or in combination . caused 
significant reduction in plant length and weight, number of 
p o d s , pollen fertility and chlorophyll content of leaves. 
However, the effect of fungus was found to be greater than 
the nematode but an increase in the reduction in different 
parameters was noted in plants inoculated with the pathogens, 
though it was less than the total sum of damage caused by 
either of them alone. The application of oil-seed cakes as 
well as nematicides broughtabout not only significant in 
disease incidence caused by the test pathogens but also 
improvement in plant length and weight, number of p o d s , 
pollen fertility and chlorophyll content as compared to 
untreated control. The different treatments caused 
significant reduction in the multiplication of the nematode 
in individual as well as in combined inoculated plants. 
However, it was more pronounced in combined inoculation. The 
antagonistic behaviour of the fungus may be one of the 
reasons other than the effect of different treatments in the 
inhibition of nematode multiplication (Table 10b). 
Out of the different oil-seeds cakes tested, neem cake 
proved to be most beneficial for improvement in plant growth 
characteristics and reduction in the disease incidence. It 
was followed in order of efficiency by mustard, castor and 
duan cakes. Application of nematicides also brought about 
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similar results but their performance was comparatively 
better. Among the nematicides, dimethoate was found to be 
most efficacious to the test pathogens followed by aldicarb 
and carbofuran. The plant growth characteristics also 
improved due to the addition of inorganic fertilizers but it 
was much less than that obtained with the oil-seed cakes and 
the nematicides. Application of nematicides showed 
comparatively better results than the oil-seed cakes 
(Table 10b). 
In the untreated set, the plant length was 57.85 cm in 
the uninoculated control. The reduction was 28.06% in 
nematode-inoculated, 38.67% in fungus-inoculated and 48.99% 
in nematode + fungus inoculated plants. Among the oil-seed 
cakes, neem cake was found to be most efficacious against the 
test pathogens and duan cake the least. In presence of these 
oil-seed cakes, reduction in plant length due to nematode 
alone, fungus alone and nematode + fungus ranged between 
18.00-30.15%, 21.85-37.51% and 34.91-44.97% respectively. 
Among the nematicides, aldicarb was found most beneficial for 
improvement in plant length followed by dimethoate and 
carbofuran. Here in those cases, reduction in plant length 
due to nematode alone, fungus alone and nematode and fungus 
ranged between 8.97-24.36%, 10.78-26.14% and 20.70-34.43% 
respectively (Table 10b). 
Significant reduction was also observed in plant weight 
caused by the test pathogens in the untreated set, where 
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reduction in plant weight over uninoculated control was 
35.19% in nematode-inoculated, 50.73% in fungus-inoculated 
and 66.71% in nematode + fungus inoculated plants. Among the 
oil-seed cakes, neem cake was proved to be most effective 
against the test pathogens followed by castor, mustard and 
duan cakes. In presence of different oil-seed cakes, the 
reduction in plant weight due to nematode alone, fungus alone 
and nematode + fungus ranged between 19.03-26.26%, 25.12-
36.06% and 37.88-46.46% respectively. In case of nematicides, 
aldicarb caused greatest improvement in plant weight followed 
by dimethoate and carbofuran. Here in this case, the 
reduction in plant weight due to nematode alone, fungus alone 
and nematode + fungus ranged between 14.62-25.93%, 15.12-
24.34% and 28.05-39.18% respectively (Table 10b). 
Individual as well as combined inoculation of the test 
pathogens also caused significant reduction in pollen 
fertility. In the untreated set, it was 84.50% in 
uninoculated plants, it decreased to 40.25% in nematode 
inoculated, 31.66% in fungus-inoculated and 25.49% in 
nematode + fungus inoculated plants. However, there was not 
much change in pollen fertility due to the application of 
oil-seed cakes and nematicides but considerable reduction in 
disease incidence was noted (Table 10b). 
Application of oil-seed cakes and nematicides caused 
considerable improvement in pod-formation. In the untreated 
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set, there were 24.4 pods in uninoculated control, v/hi]e the 
number decreased to 17.5 in nematode-inoculated, 9.2 in 
fungus-inoculated and 6.5 in nematode + fungus inoculated 
plants. Among the oil-seed cakes, the improvement in pod 
formation was found greatest in neem cake treated plants 
followed by mustard, castor and duan cakes. In the presence 
of these oil-seed cakes, pod number in plants infected with 
nematode alone, fungus alone and nematode + fungus ranged 
between 36.2-24.3, 26.4-15.4 and 20.4-11.3 respective]y. In 
case of nematicides, nldicarb increased pod number to maximum 
level followed by dimethoate and carbofuran. Here in these 
cases, the pod number in plants inoculated with nematode 
alone, fungus alone and nematode + fungus ranged between 
42.2-27.5, 34.3-25.2 and 25.8-19.5 respectively (Table 10b). 
Total chlorophyll content of leaves increased 
considerably due to the application of various oil-seed cakes 
and nematicides. In the untreated set, it was 1.857 mg/g in 
uninoculated plants which decreased to 1.257 mg/g in 
nematode-inoculated, 0.869 mg/g in fungus-inoculated and 
0.733 mg/g in nematode + fungus inoculated plants. Among the 
oil-seed cakes, neem cake was found to be most beneficial for 
improving the chlorophyll content and most efficacious 
against the test pathogens, it was followed by mustard, 
castor and duan cakes. In the presence of these oil-seed 
cakes, the reduction in chlorophyll content due to nematode 
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alone/ fungus alone and nematode + fungus ranged between 
8.25-19.67%, 23.03-40.14% and 27.76-58.16% respectively. In 
the case of nenatlcides, aldicarb broughtabout maximuin 
improvement in chlorophyll content followed by dimethoate and 
carbofuran. Here in these cases, reduction in chlorophyll 
content due to nematode alone, fungus alone and nematode + 
fungus ranged between 5.45-22.58%, 9.47-28.83% and 18.98-
37.36% respectively (Table 10b). 
As a result of the application of oil-seed cakes and 
nematicides, the multip]ication of nematode was found to be 
significantly inhibited in nematode inoculated plants, 
highest being in dimethoate (nematodes per pot » 5380), 
aldicarb (6980), neem cake (7670), mustard cake (8972), 
castor cake (10008), carbofuran (12126) and duan cake 
(14218). Even inorganic fertilizers caused considerable 
reduction in nematode multiplication as the nematode number 
was 17658 per pot compared with 20454 nematodes per pot in 
untreated control. The inhibition in nematode multiplication 
due to various treatments was more pronounced in plants 
inoculated with both the pathogens. It is understandable 
since fungus in untreated (control) set also had inhibitory 
effect on nematode multiplication (Table 10b). 
On the basis of above results with respect of 
improvement in different growth parameters and inhibition in 
nematode multiplication, the different treatm.ents can be 
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arranged in order of efficiency as i dimethoate > aldicarb > 
carbofuran > neem cake > mustard cake > castor cake > duan 
cake. It is interesting to note that aldicarb though, caused 
highest improvement in growth parameters but did not showed 
highest efficacy agninst the pathogens. 
4.11.1 Effect of oil-seed cakes and nematicides in 
combination Hith normal/deep ploughing on the 
population of nematodes, frequency of fungi and 
different parameters of chickpea (Cicer arietinum) cv, 
K-850 in field. 
1. Plant weight and related parameters: 
Plant weight of chickpea c v . K-850 greatly improved in 
all the treatments compared with untreated control. However, 
the increase was more pronounced in plants grown in deep 
ploughed beds than normal ploughed ones. In normal ploughed 
beds, highest increase in plant weight was observed in those 
receiving aldicarb treatment (plant wt.= 74.52g) followed by 
dimethoate (70.32g), carbofuran (65.35g), castor cake 
(63.84g), neem cake (55.66 g ) , duan cake (46.08 g) and 
mustard cake (43.07g) compared with 25.38g in untreated 
control and 33.79g in beds treated with inorganic 
fertilizers. Almost same trend was noted in the deep ploughed 
beds with a range of 83.27 - 88.94 g in different nematicides 
and 54.71 - 77.64 g in various oil-seed cakes. Interestingly, 
the deep ploughing treatment changed the degree of efficacy 
of various treatments (Table 11a). 
There were more pods per plant in different treatments, 
e.g., 56.5 in aldicarb, 54.7 in dimethoate, 50.78 in 
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carbofuran, 47.92 in caster cake and 38.74 - 40.58 in the 
remaining cakes while in inorganic fertilizers there were 
only 26.64 pods per plant compared with 19.34 in untreated 
ones. Here again deep ploughing enhanced pod formation in 
plants (Table 11a). 
In untreated plants there were only 40.17% fertile 
pollen grains whereas the plants treated with nematicides 
there were 90.72 - 93.65% fertile pollen grains and in case 
of oil-cakes they were 59.67 - 89.50%. The treatment with 
inorganic fertilizers recorded 50.67% fertile pollen grains. 
Deep ploughing brought about an increase in percent 
fertility, which was however, more pronounced in treatments 
where the fertility range was low in normal ploughed beds 
(Table 11a). 
In the untreated plants from normal ploughed beds, the 
root-nodule index (on 0-5 scale) was 2.2. It significantly 
increased to 3.8-4.6 in different oil-seed cakes and 4.8-5.0 
in different nematicides. The root-nodulation increased with 
deep ploughing treatment, but the increase was more in 
untreated plants than the treated ones (Table 11a). Similarly 
leaf nitrate reductase activity (N.R.A.) also enhanced 
significantly due to various treatments. As compared to 0.396 
mole NOj g F W"^ b~l in untreated plants. The N.R.A. 
increased to 0.829 in aldicarb, 0.758 in dimethoate, 0.711 
in castor cake, 0.608 in neem cake and 0.625 in carbofuran 
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treated plants. In the remaining treatments in increase was 
comparatively less. The deep ploughing treatment 
enhanced the NRA in all the treatments includinq untreated 
control, but the trend was on similar lines of normal 
ploughing (Table 11a). 
The beneficial effects of various treatments, as 
evident in plant weight, were also observed in the 
chlorophyll contents of the leaf. In normal ploughed beds 
treated with carbofuran the total chlorophyll content of the 
leaves was nearly double than untreated plants. In other 
treatments also the increase was statistically significant. 
Here again deep ploughing caused a further increased in the 
chlorophyll content, however the difference between untreated 
and treated ones was comparatively narrow (Table 11a). 
2. Root galling: 
There was great reduction in root-galling, caused by 
Meloidoqyne incognita, in different treatments with oil-seed 
cakes and nematicides, more being in the latter case. As 
compared to 152.07 galls per plant in untreated plants, these 
were only 30.66 - 39.68 in nematicides treated plants and 
54.60 - 76.34 in oil-seed cakes treated plants. In case of 
inorganic fertilizers, though the reduction in galling was 
statistically significant but the reduction was not to the 
extent of other treatments. Deep ploughing appears to have an 
adverse effect on the root-knot development as it reduced the 
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root-galling in all the treatments including the untreated 
control (Table 11a). 
3, Population of nematodes: 
Population of all the stylet bearing nematodes 
increased in untreated beds; Meloidogyne incognita, 
Rotvlenchulus reniformis and Tvlenchorhvnchus brassicae were 
dominant species. In the normal ploughed beds, the population 
of stylet bearing nematodes increased from the initial level 
of 1327 per 200 g soil to 3098 .in untreated beds and 2216 in 
inorganic fertilizers treated beds whereas other treatments 
brought about great reduction in the population of nematodes, 
highest being in dimethoate (299 per 200 g soil). It was 
followed by aldicarb (316), carbofuran (433) and neem cake 
(482). In the remaining oil-seed cakes the range of final 
nematode population was 822 - 968 per 200 g soil. Thus it is 
clear that inorganic fertilizers, though having some 
suppressant effect on nematodes, could not check the 
multiplication beyond the initial level. Deep ploughing 
further reduced the population of these nematodes in 
different treatments including untreated control, however, 
the efficacy of different treatments with deep ploughing 
varied (Table lib). 
The population of Meloidogyne incognita was reduced 
significantly by all the treatments in normal as well as in 
deep ploughed beds. In case of oil-seed cakes, neem cake was 
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found most effective to reduce the population as the final 
population was 170 per 200g soil. It was followed by castor 
(269), mustard (288) and duan (362) cakes as against 1728 in 
untreated control. Among the nematicides, dimethoate was most 
effective where the population was reduced to 118. It was 
followed of aldicarb (128) and carbofuran (172). In the deep 
ploughed beds, the neem cake was again proved most 
efficacious; it brought down the population to 125 per 200g 
soil. It was followed in order of efficiency by mustard 
(205), castor (230) and duan (245) cakes. While in case of 
nematicides, carbofuran (77) gave best results followed by 
dimethoate (89) and aldicarb (91). 
Soil population of the reniform nematode, Rotylenchulus 
reniformis was also reduced significantly in normal as well 
as in deep ploughed beds by the application of various oil-
seed cakes and nematicides. In the normal ploughed beds, 
among oil-seed cakes neem cake contained the population to 
101 per 200 g soil followed by duan (179) , mustard (206) and 
castor (212) cakes as against 650 in untreated control, 
whereas in case of nematicides treated beds, dimethoate 
reduced the population to a very low level (56 per 200g 
soil). It was followed by aldicarb (64) and carbofuran (82). 
In the deep ploughed beds neem cakes and carbofuran were most 
effective in their respective categories to reduce the 
population (Table lib). 
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The soil population of stunt nematode, Tvlenchorhvnchus 
brassicae was also reduced significantly in both normal as 
well as in deep ploughed beds by the application of various 
oil-seed cakes and nematicides. In normal ploughed beds neem 
cake, reduced the population to 57 followed by castor (113), 
duan (124) and mustard (129) cakes as against 223 in 
untreated control. Whereas in case of nematicides, aldicarb 
suppressed the population to 21 followed by dimethoate and 
carbofuran where the final count was 23 and 44 respectively. 
In the deep ploughed beds, mustard and aldicarb were most 
deleterious to the nematode in their respective categories 
(Table lib). 
4. Frequency o£ rhizosphere fungi: 
The frequency (percentage) of fungi was greatly 
influenced by various treatments. Nematicides reduced all 
types of fungi irrespective of their parasitic or saprophytic 
nature. However, oil-seed cakes showed differential 
behaviour, e.g., neem and castor cakes were antagonistic to 
all types of fungi while mustard and duan cakes suppressed 
only the parasitic forms in most of cases. In inorganic 
fertilizers the frequency increased in all types of fungi. 
When different treatments were compared, it was found that 
the nematicides caused the greatest reduction in the 
pathogenic fungi. 
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The frequency of most of the pathogenic forms of fungi, 
v i z . , MacfQphomina phaseolina,. Botrytis c i n e r e a . Curvularia 
i u n a M f t g n i u s , alternata, Fusarium s o l a n i , 
Z' O^ypppguin spp.r £ . oxygpoguip f . s l £ s i l r £ . moniliformis, 
Rhizoctoniff solani and Sclerotium rolfsii e t c . reduced in 
various treatments in normal as well as in deep ploughed 
b e d s . The reduction was however,more in deep ploughed b e d s . 
Similarly the frequency of saprophytic forms of f u n g i , v i z . , 
A s p e r q U X u s n i q e g , f l a v u s . A . fumiqatus, A . terreus, 
Rhizopus o r v z a e , Mucor s p p . , Cunninahamella echinulatar 
Cephalosporlum aspermum and Cladosporium harbarum e t c . also 
reduced in beds treated with the nematicides in both types of 
p l o u g h i n g s . However, these fungi were generally supported by 
oil-seed cakes (Table 1 1 c ) . 
5. Summarys 
It is clear from the results that reduction was noted 
in root-galling, multiplication of parasitic nematodes and 
frequency of pathogenic fungi by various treatments, thus 
increased the plant weight and other growth p a r a m e t e r s . The 
overall effect of the nematicides was more than the oil-seed 
c a k e s . Inorganic fertilizers were also effective but not to 
the extent of other t r e a t m e n t s . It was also noted that deep 
ploughing as a rule improved the efficacy of various 
treatments and because of this plant weight and other 
parameters increased (Table 11a,b,c). 
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4.11.2 Residual effect of treatments of the preceding crop 
(chickpea cv. K-850) on the population of nematodes, 
frequency of fungi and different paraaeters of the 
following crop raungbean (Phaseolus aureus) cv. K-851 
in field. 
After termination of chickpea crop, the beds were again 
prepared in the same manner and were uniformly ploughed 
(normal ploughing). All the beds were given half-dose of 
inorganic fertilizers and then mungbean cv. K-851 was grown 
to study the residual effect of different treatments of the 
preceding crop. The results are give below: 
1. Plant weight and related parameters: 
Plant weight of mungbean c v . K-851 was better in all 
the preceding treatments compared with untreated control. 
However, it was more pronounced in plants grown in previously 
deep ploughed beds than normal ploughed ones. In normal 
ploughed beds the highest increase in plant weight of 
m.ungbean was observed in a beds treated in the preceding crop 
with carbofuran (98.74g) followed by dimethoate (90.86g), 
aldicarb (88.75g), neem cakc (71.18g), castor cake (65.14g), 
duan cake (61.84g) and mustard cake (58.08g) compared with 
20.97g in untreated control and 34.70g in case of inorganic 
fertilizers. Almost same trend was noted in deep ploughed 
beds of preceding treatments with a range of S2.16 - 96.54g 
plant weight in different nematicides and 62.50 - 86.44g in 
oil-seed cakes (Table lid). 
There were more pods in plants grown in beds treated 
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of pods per plant were 60.30 in carbofuran, 58.40 in 
dimethoate, 57.47 in aldicarb, 56,62 in neem cake and 44.20 -
49.50 in the remaining cakes while in inorganic fertilizers 
there were only 25.27 pods compared with 16.84 in untreated 
ones. Here again the deep ploughing appears to have promoted 
pod formation (Table lid). 
The percentage of fertile pollen grains was more in 
plants from different treatments of the preceding crop in 
both normal and deep ploughed ones. In the normal ploughed 
s e t , fertile pollen grains were estimated to be in the range 
of 93.86 - 96.68% in the case of nematicides treatment, and 
88.21 - 97.50% in different oil-seed cakes. The fertility was 
65.39% in inorganic fertilizers treated beds compared with 
38.64% in untreated control. Deep ploughing brought about an 
over all increase in the pollen fertility which was however, 
more pronounced in different treatments (Table lid). 
In the untreated plants from normal ploughed beds the 
root-nodule index (on 0-5 scale) was 2.2. It significantly 
increased to 4.5-4.8 in different oil-seed cakes and 5.0 in 
different nematicides. In the case of inorganic fertilizers 
root-nodule index was 3.1. Further, the root-nodulation 
increased with deep ploughing treatment but the percent 
increase was more in untreated control (Table lid). Similarly 
leaf nitrate reductase activity (N.R.A.) also increased 
significantly due to various treatments. In normal ploughed 
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beds as compared to 0.296 p mole NO2 g fw~l in untreated 
plants, the N.R.A. increased to 0.776 in carbofuran, 0.775 in 
dimethoate, 0.734 in aldicarb, 0.624 in neem cake, 0.593 in 
castor cake, 0.532 in mustard cake and 0.500 in duan cake 
treated plants. Whereas in inorganic fertilizers treated 
plants, the N.R.A. was 0.392. The deep ploughing treatment 
enhanced the N.R.A. in all the treatments including untreated 
control but the trend -was almost on similar lines of normal 
ploughing (Table lid). 
The beneficial effects of the preceding treatments, as 
evident in plant weight were also observed in the chlorophyll 
contents of the leaf. In normal ploughed beds treated with 
carbofuran, aldicarb, dimethoate and neem cake in total 
chlorophyll content of leaves was nearly double than 
untreated plants. In other treatments also the increase was 
statistically significant. Here again the deep ploughing 
caused a further increase in chlorophyll content, however, 
all the nematicides, neem and castor cakes treated plants 
showed more increase in chlorophyll content than other 
treatments (Table lid). 
2 . Root galling: 
There was great reduction in root-galling caused by 
Meloidoqyne incognita due to different treatments of the 
preceding crop, however, nematicides had greater effect than 
oil-seed cakes. As compared to 156.50 root-galls per plant in 
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untreated plants, there were only 33.62 - 37.40 in nematicide 
treated plants and 50.37 - 73.30 in oil-seed cake treated 
plants. In case of inorganic fertilizers, though the 
reduction in galling was statistically significant but the 
reduction was not to the extent of other treatments. Deep 
ploughing brought further stress on the root-knot development 
(Table lid). 
3 . Population of nematodes: 
In case of normal ploughing the population of 
Meloidoqyne incognita slightly reduced in beds previously 
treated with castor cake and aldicarb. In other treatmentfe 
population was slightly iriore than that of preceding crop, but 
the beds treated with these cakes, the final population was 
far below than untreated and treated beds with inorganic 
fertilizers beds (Table lie). Similar trend was also noted in 
the dominant species, e.g., Rotvlenchulus reniformis and 
Tvlenchorhvnchus brassicae as also in other nematodes. Deep 
ploughing of the preceding crop had adverse effect on the 
population of different nematodes which was less than normal 
ploughed beds. 
It is evident from the results presented above Table 
lie that the oil-seed cakes and nematicides applied for the 
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4 . Frequency of rhizosphere fungi: 
In the second crop (mungbean) the frequency of most of 
the saprophytic fungi further increased over the frequency in 
the 1st crop (chickpea) in untreated-normal ploughed beds, 
highest being with Aspergillus flavus and Cunninghamella 
echinulata. Soil application with oil-seed cakes in the first 
crop also had a favourable effect on the frequency of 
saprophytic fungi in the present crop. Among the oil-seed 
cakesr the residual effect of neem cake was found highest to 
increase the frequency of some saprophytic fungi, e.g., 
Aspergillus niger (10%), A . flavus (20%) and A . fumigatus 
(25%), whereas the residual effect of duan cake was found 
least effective to promote the fungus frequency in 
saprophytic forms. Nematicides, however, showed their 
differential behaviour towards these fungi. The residual 
effect of inorganic fertilizers was negligible on these fungi 
(Table llf). 
Parasitic fungi were also influenced due to the 
residual effect of oil-seed cakes and nematicides which were 
applied for the previous crop. In case of oil-seed cakes 
there was differential behaviour against parasitic fungi. 
Castor cake and neem cake residues were found effective in 
suppressing parasitic fungi in most of the cases, however, 
mustard and duan cake did not influence them appreciably. The 
nematicides which were applied for the first crop, either 
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Rhlzoctonia solani , Fusarium solani , Fusarium oxysporum f. 
ciceri/ Alternaria alternata and A . tenius except M. 
phaseolina and S . rolfsii in the present crop (mungbean); 
dimethoate was found be most effective against most of the 
parasitic fungi (Table llf). 
In deep ploughed beds, irrespective of the treatments 
of the first crop, there was a reduction in the frequency of 
most of the saprophytic as well parasitic fungi, however, it 
was more in case of saprophytic fungi. 
In addition to the above observations some interesting 
trends, with respect to the frequency of fungi were observed 
both with normal and deep ploughing treatments: 
1. In untreated beds, F . oxvsporum f . ciceri showed high-
est frequency among different parasitic fungi in first crop 
(chickpea), however, in the second crop (mungbean) it was 
Phvllosticta phaseolina which showed highest frequency among 
parasitic forms. Among saprophytic fungi, A . niger and A . 
flavus showed highest frequency in the first and second 
crop respectively. 
2 . Certain fungi, both saprophytic (Aspergillus luchiensis, 
A . terreus, Cephalosporium aspermum, Chaetomium flavus, 
Cladospor jLum herbarium) as well as parasitic (Fusarium 
moniliforme, Curvularia tunata, M . humicola and Fusarium 
oxysporum) were found in the first crop (chickpea) but could 
not be detected in the second crop (mungbean). 
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3. Some saprophytic fungi like Aspergillus spersus, Rhizopus 
nigricans, Ozonium taxanum and parasitic fungi like 
Phvllosticta phaseolina, Septoria leguminum and F. oxysporum 
f . ciceri were observed only in mungbean crop) and not in 
chickpea (1st crop). 
4. Frequency of Trichoderma viridae was found increased and 
that of Penecillium degetatum decreased in the Ilnd crop due 
to most of the treatments of the first crop with the 
exception of duan cake and aldicarb in case of viridae and 
neem cake and dimethoate in case of T . degetatum where 
frequency of both the fungi remained almost the same in both 
crops. 
5. There were certain fungi which could not be found in Ilnd 
crop due to the treatments of the first crop, e.g., F. 
oxysporum f . ciceri due to neem cake, mustard cake and 
aldicarb, Fusarium solani due to castor cake and neem cake 
and all the nematicides, and Botrytis cinerea due to castor, 
mustard and neem cakes and all the nematicides (Table llf). 
5. SuBunacy: 
It is clear from the above results that reduction was 
noted in root-galling, multiplication of parasitic nematodes 
and frequency of pathogenic fungi by various treatments which 
were applied for the first crop. The populations of plant-
parasitic nematodes were slightly increased in the second 
crop (mungbean) as compared to the first crop (chickpea) by 
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residual effects cf various treatments but much below the 
initial populations of them. The overall residual effects of 
the nematicides was more than the oil-seed cakes with respect 
to the improvement in plant growth parameters and reduction 
in population of parasitic nematodes and frequency of 
pathogenic fungi. Inorganic fertilizers were also effective 
but not to the extent of other treatments. It was also 
observed that the deep ploughing as a rule improved the 
efficacy of various treatments and because of this plant 
growth and other parameters increased besides more reduction 
in nematode populations and frequency of pathogenic fungi 
were noted (Table lld,e,f). 
4.12.1 Reaction of different cultivars of mungbean/green gram 
fPhaseolns aureus) to the root-knot nematode, 
Meloldoqype incognita in the presence of Rhizoblum. 
The results presented in Table 12a indicate that all 
the test cultivars of mungbean, viz., K-851, T-44, PDM-11, 
PDM-54, PDM-84-139, PDM-146, 4/395 and ML-137 were 
susceptible to the root-knot nematode, Meloidogyne incognita, 
however, to varying extent. Significant reduction was 
observed in different plant growth parameters (e.g., plant 
length, plant weight, pod numbers), pollen fertility, 
chlorophyll content, nitrate reductase activity and root-
nodulation at higher inocula of nematode, i.e., 500 or more 
juveniles per plant. Highest reduction in plant weight was 
noted in the cultivar X-851 which recorded 63.79% reduction 
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plant), whereas cultivar PDM-84-139 showed lowest reduction 
(39.70%). The highest number of root-galls were formed on the 
cultivar K-851 (291.87 per plant) and lowest on the cultivar 
PDM-84-139 (213.30 per plant) thus showing a positive 
correlation between these parameters (plant weight and root-
galling) . Chlorophyll content of the leaves was also found 
reduced significantly at higher inocula of the nematode. The 
highest reduction in the chlorophyll content was noted in the 
cultivar PDM-11 (51.00%) and in PDM-54 (37.27%). The 
remaining cultivars also showed reduction in the chlorophyll 
content but the pattern of reduction was somewhat 
different to that of reduction in plant weight. 
Similarly significant reduction was also noted in 
nitrate reductase activity (NRA) in plant leaves,highest 
being in the cultivar PDM-54 (63.53%) and the lowest in 
cultivar PDM-146 (48.38%). The formation of root-nodules was 
hindered by the infection of the nematode, as also the pod 
number and percent pollen fertility, however, the reduction 
showed somewhat different pattern, the reduction showed 
somewhat different pattern. 
On the basis of reduction in plant weight and root-knot 
development at the highest Inoculum level (5000 juveniles/ 
plant) these cultivars are classified into three different 
categories as under (these cultivars are arranged in 
descending order, from highest to lowest reduction in plant 
weight): 
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1 . Highly susceptible (Reduction in plant weight >50%; number 
of root galls=250.50-291.87 per plant): cultivars K-851 
(63.79%; 291.87) and T--44 (62.54%; 252.50). 
2 . Susceptible (Reduction in plant weight 40-50%; number of 
root-galls=205.74-237.40 per plant): cultivars ML-137 
(49.69%; 221.97), 4/395 (49.10%; 205.74), PDM-146 (47.77%; 
220.47) and PDM-11 (45.70%; 237.40). 
3 . Moderately resistant (Reduction in plant weight 
<40%; number of root-galls=213.30-238.86 per plant): 
cultivars PDM-54 (39.76%; 238.86) and PDM-84-139 (39.70%; 
213.30). 
On the basis of results, as summarised above, the 
following conclusions were made: 
1. All the test cultivars of mungbean showed varying degree 
of susceptibility to root-knot nematode. 
2 . The reduction in plant weight was somewhat correlated to 
the production of root-galls per plant but reduction in other 
parameters, viz., nitrate reductase activity, chlorophyll 
content and root-nodulation did not follow similar pattern of 
reduction in plant weight. 
3. A positive relationship also existed among plant weight, 
pod number and pollen fertility in respect to their 
reduction. 
4. The highest reduction in plant weight was observed in 
cultivar K-851 while the lowest being in cultivar PDM-84-139; 
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these cultivars had highest and lowest number of root-galls 
respectively. 
4.12.2 Reaction of different cultivars of iiungbean/green gram 
(Phaseolus aureus) to the root-knot nematode, 
MeloidoQvne incognita in the absence of Rhizobium. 
In the absence of Rhizobium also all the test cultivars 
of mungbean, viz./ K-851, T-44, PDM-11, PDM-54, PDM-84-139, 
PDM-146, 4/395 and ML-137 showed varying degree of 
susceptibility against the root-knot nematode, Meloidogyne 
incognita (Table 12b). Significant reduction was observed in 
different growth parameters (plant length, plant weight, 
number of pods per plant), pollen fertility, chlorophyll 
content and nitrate reductase activity at the higher inocula 
of the nematode, e.g., 500 or more juveniles per plant. As in 
the presence of Rhizobium> the highest reduction in plant 
weight was noted in the cultivar K-851 which showed 67.57% 
reduction over uninoculated control at the highest inoculum 
level (5000 juveniles per plant). This reduction was found 
directly correlated with the number of root-galls produced; 
this cultivar showed highest number of root-galls (298.67 
galls per plant). Mungbean cultivar PDM-84-139 was found to 
be least affected with the nematode as there was only 40.63% 
reduction in plant weight with lowest number of root-galls 
(237.16) galls per plants. 
Chlorophyll content of the leaves was also found 
reduced significantly at higher inocula of the nematode. The 
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highest reduction in the chlorophyll content was noticed in 
the cultivar PDM-11 (63.22%) and lowest in 4/395 (50.75%). In 
the remaining cultivars, the reduction in chlorophyll content 
also observed but the pattern of reduction was somewhat 
different to that of the reduction in plant weight. 
Similarly significant reduction was also noted in 
nitrate reductase activity (NRA) in plant leaves, highest 
being reported in the cultivar PDM-54 (72.65%) and lowest in 
K-851 (51.73%). Reduction in NRA in the remaining cultivars 
was also quite different and not on the similar pattern as in 
plant weight. The reduction in pod numbers and pollen 
fertility in different cultivars was more or less the same as 
in other parameters. 
On the basis of reduction in plant weight at the 
highest inoculum level (5000 juveniles/ plant), these 
cultivars are classified into different categories as under: 
(the cultivars are arranged in the descending order, from 
highest to lowest reduction in plant weight). 
1. Highly susceptible (Reduction in plant weight >50%; number 
of root-galls between 220.63-298.67 per plant): cultivars 
K-851 (67.57%; 298. 67), T-44 (58.62%; 276.88), PDM-146 
(55.53%; 258.95), PDM-11 (52.38%; 250.54), 4/395 (51.06%; 
220.63) and ML-137 (50.19%; 242.65). 
2. Sasceptible (Reduction in plant weight between 40-50%; 
number of root-galls between 215.16-237.16): cultivars PDM-54 
(48.12%; 215.16) and PDM-84-139 (40.63%; 258.95). 
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Based on the results^ the following conclusions were 
made: 
1. In the absence of Rhizobium, the nematode caused greater 
reduction in different parameters in almost all the test 
cultivars as compared to the presence of Rhizobium. 
2. The reduction in plant weight was found correlated with 
the production of root-galls per plant, however the reduction 
in pod numbers and pollen fertility was found more or less 
similar to that of reduction in plant weight but this 
similarly was not found in respect to the reduction in 
chlorophyll content and nitrate reductase activity. 
3. The cultivar K-851 and PDM-84-139 found most susceptible 
and least susceptible to the nematode, respectively. 
4.13.1 Reaction of different cultivars of mungbean/green gram 
(Phaseolus aureus) to the reniform nematode, 
Rotylenchulus reniforinis in the presence of Rhizobium. 
The results presented in Table 13a indicate that all 
the test cultivars of mungbean, viz., K-851, T-44, PDM-11, 
PDM-54, PDM-84-139, PDM-146, 4/395 and ML-137 showed varying 
degree of susceptibility to the reniform nematode, 
Rotylenchulus reniformis. Different growth parameters (plant 
length, plant weight and pod number), pollen fertility, 
chlorophyll content, nitrate reductase activity and root-
nodulation reduced significantly at the higher inocula of the 
nematode, e.g., 500 or more nematodes per plant. The cultivar 
4/395 was found most susceptible where the reduction in plant 
weight was 57.21% whereas the cultivar PDM-54 was least 
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affected as the reduction in plant weight was 39.24% (with 
the highest inoculum level). The reduction in plant weight 
showed a positive correlation with the increase in the final 
population of nematodes. The highest multiplication of 
nematode (4.6) was noted in the cultivar (4/395) and with 
lowest multiplication (3.5) in cultivar (ML-137). The 
reduction in the chlorophyll content was almost on the 
similar lines as in the reduction in plant weight with 
highest . in the cultivar 4/395 (52.24%) and lowest in PDM-54 
(34.77%). 
Similarly nitrate reductase activity (NRA) in plant 
leaves reduced significantly and the highest reduction was 
observed in the cultivar 4/395 (70.02%) and lowest in PDM-146 
(39.85%). In the remaining cultivars, the pattern was 
somewhat different to that of plant weight. Root-nodulation 
was also reduced due to nematode infection, highest 
inhibition being in the cultivar PDM-84-139 (64.72%) and 
lowest in K-851 (38.95%). Pod formation and pollen fertility 
were also found to be adversely affected but to varying 
extent. 
On the basis of reduction in plant weight at the 
highest inoculum level (5000 nematodes/plant) and 
multiplication of the nematode, these cultivars are 
classified into three different categories as under: (the 
cultivars are arranged in descending order, from highest to 
lowest reduction in plant weight): 
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1 . Highly susceptible (Reduction in plant weight >50%; 
Reproduction factor (R) of the nematode between 3.5-4.6): 
mungbean cultivars 4/395 (57.21%; 4.6), K-851 (53.68%; 3.5), 
PDM-11 (52.73%; 4.0) and T-44 (50.25%; 3.6). 
2 . Susceptible (Reduction in plant weight between 40-50%: 
Reproduction factor (R) between 3.5-3.9): mungbean cultivars 
PDM-84-139 (47.15%; 3.9), PDM-146 (47.04%; 3.7) and ML-137 
(46.83%; 3.5). 
3 . Moderately resistance (Reduction in plant weight below 40%) 
cultivar PDM-54 plant weight=39.24%, reproduction factor=3.3). 
On the basis of above results, the following 
conclusions were drawn: 
1. All the test cultivars showed susceptibility to the 
reniform nematode, Rotylenchulus reniformis. 
2 . The damage caused by R . reniformis was slightly less than 
M . incognita. 
3. The reduction in plant weight was directly correlated 
with the reduction in chlorophyll content but other 
parameters did not follow the same patterns. 
4. The reduction in plant weight showed a positive 
correlation with the increase in the final population of 
nematode. 
5. The cultivar 4/395 which showed highest reduction in plant 
weight harboured highest number of the nematode while 
moderately resistant cultivar PDM-54 had lowest number of the 
nematode. 
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4.13.2 Reaction of different coltivars of raungbean/green gram 
(Phaseolus aureus) to the reniform nematode, 
Rotylenchulus reniformis in the absence of Rhizobium. 
All the test cultivars of mungbean, viz., K-851, T-44, 
PDM-11, PDM-54, PDM-84-139, PDM-146, 4/395 and ML-137 showed 
varying degree of susceptibility to the reniform nematode, 
Rotylenchulus reniformis (Table 13b) in the absence of 
Rhizobium. Significant reduction was observed in different 
growth parameters (plant length, plant weight, pod numbers), 
pollen fertility, chlorophyll content and nitrate reductase 
activity at higher inocula of the nematode, e.g., 500 or more 
nematodes per plant. As in the presence of Rhizobium, highest 
reduction in plant weight was noted in the cultivar 4/395 
which showed 57.56% reduction at the highest inoculum level 
(5000 nematode / plant) whereas the cultivar ML-137 was found 
to be least susceptible with 43.29% reduction in plant 
weight. The reproduction factor was highest (4.9) and lowest 
(3.9) in the highest and lowest susceptible cultivars, 
respectively. Thus a direct correlation was noticed between 
reduction in plant weight and increased multiplication of the 
nematode. 
Chlorophyll content of leaves reduced significantly at 
higher inoculum level of R. reniformis, highest being in the 
cultivar PDM-11 (65.30%) and lowest in ML-137 (42.35%). 
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similarly significant reduction was also noted in 
nitrate reductase activity (NRA) in plant leaves. The 
highest being in the cultivar PDM-84-139 (76.26%) while 
lowest in K-851 (41.63%). The reduction in remaining 
cultivars showed a different pattern. Reduction in pod number 
and pollen fertility was also noted in nematode infected 
plants. 
On the basis of reduction in plant weight at the 
highest inoculum level (5000 nematode per plant) and 
multiplication of the nematode (reproduction factor), the 
test cultivars are classified in two different categories as 
under: (the cultivars are arranged in the descending order, 
from highest to lowest reduction in plant weight). 
1. Highly susceptible (Reduction in plant weight >50%; 
Reproduction factor (R) of the nematode=3.9-4.9): cultivars 
4/395 (57.56%; 4.9), K-851 (57.33%; 4.3), PDM-11 (56.90%; 
4.7), T-44 (55.84%; 3.9), PDM-84-139 (50.97%; 4.5) and PDM-
146 (50.58%; 4.7), 
2. Susceptible (Reduction in plant weight <50%; Reproduction 
factor (R) of the nematode 3.9); cultivars PDM-54 (44.95%; 
3.9) and ML-137 (43.29%; 3.9). 
Based on the results presented above as in the Table 
13b the following conclusions were drawn. 
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1. In the absence of Rhizobiura the nematode brought about 
more in almost all cultivars as compared to the presence of 
Rhizobium. 
2. A positive correlation was found between the reduction in 
plant weight and increase in the multiplication of the 
nematode but other parameters, e.g., chlorophyll content, 
pollen fertility and pod number did not follow the similar 
pattern. 
3. Among different cultivars tested cv. 4/395 was found most 
susceptible and ML-137 least susceptible. 
4. The multiplication of nematode was found more in the 
absence of Rhizobium compared to the presence one. 
4.14.1 Reaction of different cultivars of imingbean/green gram 
(Phaseolus aureus) to the root-rot fungus, 
Macrophomina phaseolina in the presence of Rhizobium. 
The results presented in Table 14a indicate that all 
the test cultivars of mungbean, viz., K-851, T-44, PDM-11, 
PDM-54, PDM-84-139, PDM-146, 4/395 and ML-137 showed 
susceptibility against the root-rot fungus, Macrophomina 
Phaseolina, however to varying extent. Different plant growth 
parameters (Plant length, plant weight, pod number), percent 
pollen fertility, chlorophyll content, nitrate reductase 
activity and root-nodulation reduced significantly even at 
low inoculum level (0.5 g mycelium mat per plant). The 
cultivar K-851 was found most susceptible which recorded 
54.38% reduction in plant weight (with the highest inoculum 
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146 was found to be least affected in terms of reduction in 
plant weight (30.01%). The reduction in plant weight showed a 
positive correlation with the increase in root-rot index. The 
remaining cultivars showed varying degree of susceptibility 
in terms of reduction in plant weight and the development of 
root-rot index. The highest root-rot index were noted also on 
the cultivar K-851 (3.87) while lowest on PDM-146 (2.52). 
The chlorophyll content was also reduced significantly at 
higher inocula of the nematode. The highest reduction was 
noted in cultivar K-851 (48.99%). While lowest in PDM-16 
(31.98%) with highest inoculum level, i.e., 1.5g mycelial mat 
per plant. In the remaining cultivars also, the reduction was 
similar as in plant weight. 
Similarly significant reduction was noted in nitrate 
reductase activity (NRA) in plant leaves, highest being in 
the cultivar 4/395 (60.02%) and lowest in PDM-146 (41.52%); 
in the remaining cultivars the pattern was somewhat different 
in pod numbers and pollen fertility were also reduced 
significantly on the similar pattern excepting few cultivars 
where the pattern was somewhat different. 
On the basis of reduction in plant weight and root-rot 
development at the highest inoculum level (1.5g mycelial mat/ 
plant), these cultivars are classified into three different 
categories (these cultivars are arranged in descending order, 
from highest to lowest reduction in plant weight). 
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1. Highly susceptible (Reduction in plant weight >50%; root-
rot index=3.87) cultivar K-851 (54.38%; 3.87). 
2 . Susceptible (Reduction in plant weight between 40-50%; 
root-rot index between 3.50-3.90): cultivars PDM-54 
(46.69%j3.85), 4/395 (45.08%; 3.90), T-44 (44.63%; 3.50) and 
PDM-11 (43.10%; 3.67) 
3. Moderately resistant (Reduction in plant weight between 
30-40%; root-rot index between 2.52-3.50): cultivars ML-137 
(37.64%; 3.50), PDM-84-139 (32.25%; 2.98) and PDM-146 
(30.01%; 2.52). 
On the basis of above results, the following 
conclusions were drawn: 
1. All the test cultivars of mungbean showed susceptibility 
to the root-rot fungus but to varying extent. 
2. The reduction in plant weight was somewhat directly 
correlated with the development of root-rot but other growth 
parameters, viz., pod number, pollen fertility, nitrate 
reductase activity, chlorophyll content and root-nodulation 
did not fellow similar pattern as in plant weight. 
3. The highest reduction in plant weight was observed in 
cultivar K-851 while lowest being in cultivar PDM-146 and 
these cultivars also had highest and lowest root-rot 
development respectively. 
4. Root-rot fungus, Macrophomina phaseolina was comparatively 
less pathogenic than M. incognita and R. reniformis. 
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4.14.2 Reaction of different cultivars of ©ungbean/green gram 
(Phaseolus aureus) to the root-rot fungus, 
Macrophomina phaseolina in the absence of Rhizobium. 
The results presented in Table 14b clearly indicate 
that all the test cultivars of mungbean, viz., K-851, T-44, 
PDM-11, PDM-84-139, PDM-146, 4/395 and M-137 showed varying 
degree of susceptibility towards the root-rot fungus, 
Macrophomina phaseolina. Significant reduction was noted in 
different plant growth parameters (plant length, plant weight 
and pod number), pollen fertility, chlorophyll content and 
nitrate reductase activity even at low inoculum level (0.5 g 
mycelial mat per plant). As in the presence of 
Rhizobium.cultivar K-851 was found most susceptible in the 
absence of Rhizobium as it showed 61.39% reduction in plant 
weight at highest inoculum level, while the cultivar PDM-146 
was found to be least susceptible (reduction in plant weight 
= 35.73%). The reduction in plant weight also showed a posi-
tive correlation with the increase in the root-rot index or 
in other words the disease development. Varying degree of 
susceptibility was however, noted in the remaining cultivars 
in terms of reduction in plant weight and development of 
root-rot index. Highest root-rot index was noted in the 
cultivar K-851 (4.46) and lowest in PDM-146 (3.60). 
Chlorophyll content was also noted to be reduced 
significantly at the higher inocu3a of the nematode. Highest 
reduction was noted in the cultivar K-851 (58.35%) and the 
267 
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lowest in PDM-146 (44.70%) at the highest inoculum level of 
the fungus. 
Similarly significant inhibition was also observed in 
nitrate reductase activity (NRA) in the leaves, highest being 
in the cultivar PDH-54 (66.50%) and lowest in ML-137 
(40.77%), in the remaining cultivars the pattern was somewhat 
different to that of reduction in plant weight. Reduction in 
pod numbers and pollen fertility due to fungal infection was 
also on different lines. 
On the basis of reduction in plant weight and root-rot 
development at the highest inoculum level (1.5 g mycelial mat 
per plant), these cultivars are classified into three 
different categories (these cultivars are arranged in 
descending order, from highest to lowest reduction in plant 
weight). 
1. Highly susceptible (Reduction in plant weight >50%; root-
rot index=4.22-4.46): cultivars K-851 (61.39%; 4.46), T-44 
(56.16%;4.39), PDM-54 (54.96%;4.37) and 4/395 (50.55%; 4.22). 
2. Susceptible (Reduction in plant weight between 40-50%; 
root-rot index between 3.94-4.12): cultivars PDM-11 
(44.13%;4.12) and ML-137 (43.29% ; 3.94). 
3. Moderately resistant (Reduction in plant weight between 
30-40%; root-rot index between 3.58-3.60): cultivars PDM-84-
139 (38.89%; 3.58) and PDM-146 (35.73%; 3.60). 
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The following conclusion were made on the basis of 
results presented above: 
1. All the test cultivars of mungbean showed varying degree 
of susceptibility to the root-rot fungus in the absence of 
Rhizobium. 
2. The reduction in plant weight was somewhat directly 
correlated with the development of root-rot but other growth 
parameters, viz., pod numbers, pollen fertility, nitrate 
reductase activity and chlorophyll content did not follow the 
similar pattern. 
3 . The highest reduction in plant weight was observed in 
the cultivar K-851 and lowest in the cultivar PDM-146; these 
cultivars also had the highest and lowest root-rot develop-
ment, respectively. 
4 . Root-rot fungus, M . p h a s e d i n a was found comparatively 
less pathogenic even at highest inoculum level, than 
Meloidoqyne incognita and Rotvlenchulus reniformis. 
4.15.1 Effect of individual and combined inoculations of 
Meloidoqyne incognita# Rotylenchalus reniformis and 
Macrophomina phaseolina on nematode multiplication, 
root-nodulation, chlorophyll content and plant growth 
of mungbean (Phaseolus aureus) cv. K-851 in the 
presence of Rhizobiua. 
It is evident from the results presented in Table 15a 
that the three test pathogens, e.g., Meloidoqyne incognita, 
Rotylenchulus reniformis and Macrophomina phaseolina caused 
significant reduction in different parameters of mungbean 
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pod number and chlorophyll content over control when they 
were inoculated individually or in different combinations 
simultaneously as well as sequentially. 
Among plants inoculated with individual pathogens, the 
root-knot nematodes, M. incognita caused greatest reduction 
in different growth parameters followed by R . reniformis and 
M . phaseolina respectively. M . incognita caused 42.43% 
reduction in plant length, 55.87% in fresh weight and 56.14% 
in dry weight, while the respective figures for R . reniformis 
were 38.19%, 50.97% and 53.16% and for M . phaseolina 34.49%, 
44.18% and 50.53%. Similarly reduction was also noted in 
other parameters, viz., root-nodulation, pod number and 
chlorophyll content (Table 15a). 
In simultaneous inoculations, M . incognita together 
with R. reniformis caused greater reduction in all the 
growth parameters followed by M . incognita + M . phaseolina 
and R. reniformis + M . Phaseolina. Combined inoculation of 
M . incognita and R . reniformis caused 50.77%, 73.06%, and 
71.93% reduction in plant length, fresh and dry weights, 
respectively. Similar trend with respect to reduction due to 
these combinations was also noted in cases of root-
nodulation, pod number and chlorophyll content. In the case 
of simultaneous inoculation with when all the three test 
pathogens were inoculated simultaneously the reduction in 
different parameter as stated above was much higher than 
caused by their different combinations (T^ble 15a). 
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Sequential inoculations with the test pathogens also 
caused significant reduction in different parameters, 
however, it was less then that caused by simultaneous 
inoculations but more than that caused by single pathogen 
(Table 15a). Among different combinations of sequential 
inoculations with the test pathogens, it was observed that 2 
weeks prior inoculation of M . incognita from R . reniformis 
brought about greatest reduction in most of the parameters 
compared to other combinations of pathogens. While 2 weeks 
prior inoculation of M . phaseolina from R, reniformis was 
least damaging. In the remaining combinations of post-and 
prior-inoculations there was no clear trend as far as 
reduction in different parameters is concerned (Table 15a). 
Mungbean is a good host for both the test spp. of 
nematodes. This is evident from their high multiplication and 
formation of root-galls in case of M . incognita. However, 
these nematodes showed antagonism to each other as their 
population declined in combined inoculations (Table 15a). 
Final population of M. incognita was 25256 when inoculated 
singly, however, in the presence of R. reniformis and M. 
phaseolina it declined to 19964 and 20244 respectively in 
simultaneous inoculations. Final population of M . incognita 
also declined when it was inoculated two-weeks prior or after 
other pathogens, however the reduction was less in prior 
inoculation compared with post-as well as simultaneous 
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inoculations. Fungus, M. phaseolina appeared to be more 
antagonistic/inhibitory to M . incognita than to R. 
reniformis. When M . incognita was inoculated alongwith 
M. Phaseolina and R . reniformis, its final population was 
13580 per pot. This shows that the R . reniformis and 
M . phaseolina together caused more inhibition of M . incognita 
than when they were inoculated singly with M. incognita. 
Inhibition in the root-galling due to M . phaseolina and 
R. reniformis followed exactly the same pattern as found with 
the reduction in the population of M . incognita (Table 15a). 
Multiplication of R . reniformis on mungbean was 
comparatively less than M . incognita, as the final population 
was only 22495 per pot where R . reniformis was inoculated 
singly. In combined inoculations, multiplication of R. 
reniformis was adversely affected by M . incognita as well as 
by M . phaseolina, the former causing relatively more 
inhibition. Highest inhibition in the multiplication of 
R . reniformis in both the sets was noted in cases where 
R. reniformis was inoculated two-weeks after M . incognita or 
M . phaseolina and minimum where it was inoculated two-weeks 
prior to them (Table 15a). 
When R. reniformis was inoculated alongwith M. phaseo-
lina and M. Incognita, its population was 10572 per pot. Thus 
shows that M . phaseolina and M. incognita together caused 
more inhibition than when they were inoculated individually 
with R . reniformis (Table 15a). 
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4.15.2 Effect of individual and coisbined inoculations of 
Meloidoqyne incognita, Rotylenchulus reniforrois and 
Macrophomina p h a s e d i n a on nematode multiplication, 
chlorophyll content and plant growth of mungbean 
(Phaseolus . aureus) cv. K-851 in the absence of 
Rhizobium. 
This experiment was carried out simultaneously with the 
other experiment (4.15.1), where seeds were bacterized before 
sowing, and then the plants were inoculated by the test 
pathogens at different combinations under same conditions. In 
the absence of Rhizobium, the growth parameters did not reach 
to the level as they were noted in presence of Rhizobium and 
hence overall reduction was observed in plant length, fresh s 
well as dry weight, pod number and chlorophyll content of 
mungbean plant (Table 15b). The extent of damage in plant 
length, fresh weight and chlorophyll content of leaves due to 
different pathogens was more in absence of Rhizobium, while 
dry weight was slightly reduced. In case of pod number there 
was no clear trend- The maximum and minimum damage was on 
similar times as found in presence of Rhizobium. Moreover, in 
the present experiment (absence of Rhizobium), the nematode 
multiplication and formation of root-galls in individual 
inoculation was found higher as compared to presence of 
Rhizobium. In absence of Rhizobium there was no clear trend 
in inhibition in the population of M . incognita due to R. 
reniformis and/or Macrophomina phaseolina in most of the 
combinations. The inhibition of R. reniformis due to M. 
incognita was more in absence of Rhizobium while reverse was 
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inhibition in the population of M. incognita and R. 
reniformis was more when both these nematodes were inoculated 
simultaneously with Macrophomina phaseolina. Reduction in 
root-galling due to R . reniformis and M . phaseolina was found 
more in absence of Rhizobium. Highest reduction in root-
galling was noted in the simultaneous inoculation of all the 
thriee test pathogens. In case of fungus-inoculated plants in 
all the combinations, the root-rot index was slightly more in 
absence of Rhizobium. 
The results presented to Table 15b clearly indicate 
that in the absence of Rhizobium also the three test 
pathogens, e.g., Meloidoqyne incognita, Rotylenchulus 
reniformis and Macrophomina phaseolina caused significant 
reduction in different parameters of mungbean such as plant 
length, fresh as well as dry weights, pod number and 
chlorophyll content over uninoculated control when they were 
inoculated individually, simultaneously as well as 
sequentially. 
Among plants inoculated with single pathogens the 
root-knot nematode, M. incognita caused greater reduction in 
different growth parameters followed by R. reniformis and M . 
phaseolina. 
M. incognita caused 48.34% reduction in plant length, 
60.06% in fresh weight and 57.14% in dry weight, while the 
respective figures for R . reniformis were 45.07%, 53.61% and 
56.39% and for M . phaseolina 39.96%, 46.17% and 51.88%, 
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respectively. Similarly reduction was also noted in 
other parameters, viz., pod number and chlorophyll content 
(Table 15b). 
In simultaneous inoculations, M . incognita together 
with R . reniformis caused greater reduction in all the 
growth parameters followed by M . incognita + M. p h a s e d i n a 
and R . reniformis + M . phaseolina. Combined inoculation of M. 
incognita and R . reniformis caused 55.63%, 77.67% and 65.41% 
reduction in plant length, fresh and dry weights, 
respectively. While the respective figures for M . incognita 
and M . phaseolina were 46.38%, 73.30% and 62.41% and for 
R . reniformis + M . phaseolina 47.07%, 66.16% and 59.77% 
respectively. Similar trend with respect to reduction due to 
these combinations was also noted in cases of pod number and 
chlorophyll content. When all the three test pathogens were 
inoculated simultaneously, the reduction in different 
parameters further increased (Table 15b). 
Significant reduction was also noted in the different 
growth parameters caused by sequential inoculation with the 
test pathogens, however, it was less than that caused by 
simultaneous inoculations but more than that caused by single 
pathogens (Table 15b). Among different combinations of 
sequential inoculations with the test pathogens it was 
observed that 2 weeks prior-inoculation of M . incognita from 
R . reniformis broughtabout greatest reduction in all the 
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growth parameters compared to that caused by other 
combinations of pathogens. While 2 weeks prior-
inoculation of M . phaseolina from R. reniformis was least 
damaging (Table 15b). 
Both the test pathogens reproduced freely in when 
inoculated individually, showing that mungbean is a good host 
of the test pathogens. This is supported from their high 
multiplication rate and formation of root-galls in case of 
M . incognita. The decline in their populations in combined 
inoculations showed antagonistic effect to each other. Final 
population of M . incognita was 25594 when inoculated 
individually/ however, in the presence of R . reniformis and 
M . Phaseolina it declined to 20862 and 21574 respectively in 
simultaneous inoculations. Final population of 1$. incognita 
also declined when it was inoculated two-weeks prior or after 
inoculation with other pathogens, however, the reduction was 
less in prior inoculation compared with post-as well as 
simultaneous inoculations. The root-rot fungus, M . phaseolina 
appeared to be more inhibitory to R. reniformis than to 
M . incognita. When M. incognita was inoculated alongwith 
M . Phaseolina + R . reniformis it final population was 13293 
per pot. This shows that the R . reniformis and M. phaseolina 
together caused more inhibition of M, incognita than when 
they were inoculated singly with M. incognita. Inhibition in 
the root-galling due to R. reniformis and M. phaseolina 
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followed exactly a similar pattern as found with the 
reduction in the population of M . incognita. 
Multiplication of R . reniformis on mungbean was 
comparatively less than M . incognita > as the final population 
was only 22584 per pot when inoculated singly, however, in 
the presence of M . incognita and M . phaseolina, it declined 
to 15453 and 18005 respectively in simultaneous inoculations. 
Final populations of R . reniformis also declined when it was 
inoculated two-week before or after other pathogens; the 
reduction was less in prior inoculation compared with 
post-as well as simultaneous inoculations. Root-knot 
nematode, M . incognita appeared to be more inhibitory to 
reniformis than to M . phaseolina. when R . reniformis was 
inoculated alongwith M . phaseolina + M . incognita, its final 
population was 9789 per p o t . This shows that M . phaseolina 
and M . incognita together caused more inhibition than 
when they were inoculated individually with R . reniformis 
(Table 15b). 
4.16.1 Effect of individual and combined inoculation of 
Meloidoqyne incognita and Macrophomina phaseolina on 
plant growth, pollen fertility, chlorophyll content 
and nematode multiplication at different growth stages 
of mungbean {Phased us aureus) cv. K-851 in the 
presence of Rhizobium. 
The individual as well as combined inoculations of the 
root-knot nematode, Meloidogyne incognita and root-rot 
fungus, Macrophomina phaseolina caused significant reduction 
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flowers,pod number, pollen fertility, root-nodulation and 
chlorophyll content at all the growth stages of mungbean, 
e.g., vegetative, anthesis, pre-blooming, full-blooming, 
post-blooming, pod-setting and pot-maturing stage. However, 
the reduction generally increased with the age of the plant 
(starting from vegetative to pod-maturing stage). Root-rot 
as well root-knot increased with the age of the plants. The 
root-knot nematode was found to be more detrimental than the 
fungus. There was further reduction in plant length/weights 
in simultaneous inoculation of nematode and fungus though it 
was less than the total sum of the damage caused by either 
of them alone (Table 16a). 
During the anthesis stage significant reduction was 
noted in the total number of anthesis buds. There were 28.4 
buds in uninoculated control which decreased to 18.3 in 
nematode-and 22.5 in fungus-inoculation plants whereas 
further reduction in bud number was observed in combined 
inoculation of the nematode and the fungus. Similar trend of 
reduction was also noted in the number of mature flowers, 
however, the number of flowers, irrespective of inoculation 
gradually decreased from pre-blooming stage to post-blooming 
stage probably because of flower dropping as a natural 
consequence as one of the reasons. Pollen fertility was also 
found to be adversely affected by the test pathogens, 
combined inoculation of both the pathogens caused highest 
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reduction in total of fertile pollen grains followed by 
single inoculation of the fungus and the nematode in that 
order (Table 16a). 
In the pod-setting stage, the pod number was reduced 
due to the infection of the test pathogens as the numbers 
declined to 27.5 in nematode-inoculated and 16.5 in fungus-
inoculated plants. The combined inoculation with the nematode 
and the fungus caused further inhibition in their formation 
as only 8.0 pods were formed while there were 27.5 pods in 
uninoculated control. Similar trend was also noted during 
pod-maturing stage, however, number of pods in all the 
treatments were decreased but the nematode alone and combined 
inoculation with fungi caused greater reduction (Table 16a). 
The chlorophyll content of leaves gradually increased 
with the age of the plant until post-blooming stage after 
which it declined gradually. Inoculations with the nematode 
and the fungus separately brought about significant reduction 
in the chlorophyll content more being in the former case. 
There was further reduction in chlorophyll content when both 
the pathogens were inoculated simultaneously (Table 16a). 
There was no appreciable difference in root-nodule 
index during different growth stages. However, inoculation 
with the nematode and the fungus caused significant reduction 
in nodule formation more being in the former case. Combined 
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inoculation of the nematode and fungus caused further 
reduction/inhibition in root-nodulation (Table 16a). 
The multiplication rate of the root-knot nematode was 
high during early growth stage of plants (vegetative stage). 
It increased further in latter stages, however the increase 
in multiplication was comparatively at low pace. Moreover, 
the increase in multiplication was noted only upto pod-
setting stage beyond which population declined, in combined 
inoculations with the fungus, multiplication of the nematode 
was adversely affected (Table 16a). 
Root-rot development, similar to root-knot, increased 
with the age of the plant. However, the presence of the 
nematode seems to have supportive effect on it as root-rot 
index was more in combined inoculation (Table 16a). 
4.16.2 Effect of individnal and c<rabined inoculation of 
Meloidoqyne incognita and Macrophomina phaseolina on 
plant growth, pollen fertility, chlorophyll content 
and nematode multiplication at different growth 
stages of mungbean (Phaseolus aureus) c v . K-851 in the 
absence of Rhizobium. 
This experiment was conducted simultaneously with the 
other experiment (4.16.1), where seeds were bacterized before 
sowing, and then the plants were inoculated with the nematode 
and fungus under same conditions (Table 16b). It was noted 
that there was an overall reduction in plant length/weights, 
number of anthesis buds, flowers, pods and chlorophyll 
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were raised from bacterized seeds. In absence of Rhizobium, 
nematode multiplication, root-knot development and root-rot 
index were however more (Table 16b). 
In the experiment also, individual as well as combined 
inoculations of the root-knot nematode, Meloidogyne incognita 
and the root-rot fungus, Macrophomina phaseolina caused 
significant reduction in plant length/weights, number of 
anthesis buds, flowers and pods, pollen fertility and 
chlorophyll content at all the growth stages of mungbean, 
e.g., vegetative, anthesis, pre-blooming, full-blooming, 
post-blooming, pod-setting and pod-maturing stage. In general 
the reduction in growth parameters increased with the age of 
the plant (starting from vegetative to pod-maturing stage). 
Root-rot as well as root-knot development also increased 
with the age of the plants. The nematode was found to be more 
damaging than the fungus. Combined inoculation of the 
nematode and the fungus further increased reduction in plant 
length/weights, though it was less than the total of the 
damage caused by either of them alone (Table 16b). 
Interestingly the percentage of reduction in plant 
length/weight due to the test pathogens was more in absence 
of Rhizobium thereby showing their greater activity. 
Significant reduction was also noted in the total 
number of anthesis buds in anthesis stage due to the test 
pathogens. There were 21.5 buds in uninoculated control which 
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decreased to 13.8 in nematode -and 16.5 in fungus-inoculated 
plants whereas the greatest reduction in buds number (11.6) 
was observed in plants receiving combined inoculation of the 
nematode and the fungus. Similar trend of reduction was noted 
in mature flowers, however, the number of flowers 
irrespective of inoculation gradually decreased from pre-
blooming to post-blooming stage, probably because of flower 
dropping as a natural phenomenon. Individual as well as 
combined inoculation of the nematode and the fungus brought 
about significant reduction in fertile pollen grains. The 
reduction was greater in combined inoculation during pre-
blooming and full-blooming stages where it was recorded as 
32.19% and 20.16% respectively (Table 16b). 
Pod number was also reduced due to the inoculation of 
the test pathogens in all the treatments in pod-setting stage 
and their numbers declined from 20.6 in uninoculated control 
to 9.4 in nematode -and 13.5 in fungus-inoculated plants. 
Their combined inoculation further reduced the pod number as 
only 6.5 were noted in this treatment. Similar trend was also 
noted during pod-maturing stage. Number of pods in all the 
treatment decreased but the combined inoculation of nematode 
and fungus caused greater reduction (Table 16b). 
The chlorophyll content of leaves gradually increased 
with the age of the plants until post-blooming stage after 
which it declined and more sharply in pod-maturing stage. 
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Individual inoculation of nematode and fungus brought about 
significant reduction in chlorophyll content. Their combined 
inoculation caused further reduction in chlorophyll content 
(Table 16b). 
In the vegetative stage of the plant, the 
multiplication rate of the root-knot nematode was high and it 
increased gradually in later stages, however, increase in 
multiplication rate was comparatively at low rate. Moreover, 
increase in multiplication rate was noted only upto pod-
setting stage beyond which its population declined. 
Multiplication rate of the nematode was adversely affected in 
the combined inoculation with the fungus and the percent 
reduction increased from very first stage to last stage. The 
root-rot development increased with the age of the plant as 
well as in the presence of the nematode (Table 16b). 
4.17.1 Effect of individual and combined inoculation of 
Rotylenchulus reniformis and Macrophomina phaseolina 
on plcint gro%rt.h, pollen fertility, chlorophyll content 
and nematode multiplication at different growth stages 
of mungbean (Phaseolus aureus) cv. K-851 in the 
presence of Rhizobium. 
The results of the experiment as presented in Table 17a 
clearly indicate that the individual as well as combined 
inoculations of Rotylenchulus reniformis and Macrophomina 
phaseolina caused significant reduction in plant 
length/weights, number of anthesis buds, number of flowers, 
pod numbers, root-nodulation and chlorophyll content in all 
the growth stages of mungbean, e.g., vegetative, anthesis, 
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pod-maturing stage. Generally the reduction increased 
gradually in all the treatments with the age of the plant 
(starting from vegetative to pod-maturing stage). The test 
nematode, R . reniformis was found to be more detrimental to 
the plants than the fungus. Root-rot development was also 
found in increasing order in all the treatments wherever 
the fungus was inoculated. The simultaneous inoculation of 
R. reniformis and M . phaseolina further increased the 
reduction in plant -length/weights, though it was less than 
the total sum of the damage caused by either of them alone. 
During the anthesis stage there were 28.4 just open 
buds in uninoculated control which decreased to 20.0 in 
nematode -and 22.5 in fungus-inoculated plants while the 
greater reduction was observed in combined inoculation of 
both the pathogens; the numbers were recorded as 16.5. 
Similar trend was also noted in the number of mature 
flowers, however the number of flowers, irrespective of 
inoculation gradually declined from pre-blooming stage to 
post-blooming stage probably because of flowers dropping as 
a natural consequence. Pollen fertility was also found to be 
adversely affected by the test pathogens. Highest reduction 
was observed in combined inoculation of the nematode and the 
fungus followed by individual inoculations of the nematode 
and the fungus in that order. Pollen fertility declined from 
pre-blooming to full-blooming stage. 
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Greatest inhibition in pod-formation was observed in 
the combined inoculation with the nematode and the fungus in 
pod-setting and pod-maturing stage where their numbers were 
9.5 and 7.2 respectively, however the number of pods in other 
treatments slightly declined probably because of slight pod-
shedding (Table 17a) . 
The chlorophyll content of leaves gradually increased 
with the age of the plants until post-blooming stage, beyond 
which it gradually declined in the control set. Individual 
inoculation with the nematode and the fungus brought about 
significant reduction in the chlorophyll content, more being 
in the former case. There was further reduction in 
chlorophyll content in all the growth stages when both the 
pathogens were inoculated simultaneously (Table 17a) . 
There was slight difference in the formation of root-
nodules during different growth stages in the uninoculated 
set. The formation of root-nodules decreased after post-
blooming stage to pod-maturing stage. However, the test 
pathogens caused remarkable reduction in root-nodule numbers. 
The combined inoculation of the nematode and the fungus 
caused greatest reduction followed by either of them 
individually, more being in the former case, in all the 
growth stages. 
The multiplication rate of the reniform nematode was 
high during early growth stages of plants (vegetative stage). 
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It increased further in latter stages, however, the increase 
in multiplication was comparatively at low pace. Moreover, 
the increase in multiplication was noted only upto pod-
setting stage beyond which population declined. In combined 
inoculations with the fungus, the multiplication of the 
nematode was found adversely affected. Moreover the reduction 
in nematode population increased from the very first stage to 
last stage. Root-rot developments, similar to root-knot, 
increased with the age of the plant. However, the presence of 
the nematode seems to have supportive effect on it as root-
rot index was more in combined inoculation (Table 17a). 
4.17.2 Effect of individual and combined inoculation of 
Rotvlenchulus reniformis and Macrophomina Phaseolina 
on plant growth, pollen fertility, chlorophyll content 
and nematode multiplication at different growth stages 
of mungbean (Phaseolus aureus) cv. K-851 in the 
absence of Rhizobium. 
This experiment was conducted at the same time with the 
other experiment (4.17.1), where seeds were bacterized before 
sowing, and then the plants were inoculated with the fungus 
and nematode under same conditions. An overall reduction was 
noted in plant length/weight (fresh as well as dry), number 
of anthesis b u d s , flowers and buds, pollen fertility and 
chlorophyll content of mungbean leaves as compared to those 
plants which were raised from bacterized seeds. The 
multiplication of nematode and root-rot development was more 
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It was observed that in the absence of Rhizobium too, 
significant reduction was noted in plant length/weights, 
numbers of anthesis buds, flowers and pods, pollen fertility 
and chlorophyll content at all the growth stages of mungbean, 
e.g., vegetative, anthesis, pre-blooining, full-blooming, 
post-blooming, pod-setting and pod-maturing stage when plants 
were inoculated with individually and simultaneously of the 
reniform nematode, Rotvlenchulus reniformis and the root-rot 
fungus, Macrophomina phaseolina (Table 17b). Generally the 
reduction increased with the age of the plant (starting from 
vegetative upto pod-maturing stage). Combined inoculation of 
the nematode and the fungus further increased the reduction 
in plant length/weights, though it was less than the sum 
total of the damage caused by either of them alone. The 
reniform nematode was found to be more detrimental than the 
fungus. Interesting results show that test pathogens brought 
about more reduction in plant length/weights and other 
parameters than in the presence of Rhizobium thereby showing 
greater activity. 
Total number of anthesis buds in anthesis stage were 
significantly reduced by various treatments. There were 21.5 
buds in uninoculated control which decreased to 15.2 in 
nematode -and 16.5 in fungus-inoculated plants whereas the 
combined inoculation of both the pathogens caused further 
reduction in pod number which were counted as 13.4. Similar 
300 
trend of reduction was noted in mature flowers, however the 
number of flowers irrespective of inoculation gradually 
decreased from pre-blooming to post-blooming stage. 
Significant reduction was also observed in the pollen 
fertility when plants were inoculated with the nematode and 
the fungus together. The reduction was steadily found greater 
from pre-blooming to full-blooming stage in the same 
treatment where it was recorded as 35.20% and 26.50% 
respectively. Nematode and fungus singly caused comparatively 
less reduction (Table 17b). 
The number of pods was also decreased due to the 
inoculation of the test pathogens in pod-setting stage and 
their number declined to 10.7 in nematode -and 13.5 in 
fungus-inoculated plants. Their combined inoculation further 
reduced its number as only 8.4 pods were recorded compared to 
20.6 pods in uninoculated control. Similar trend was also 
noted during pod-maturing stage (Table 17b). 
The chlorophyll content of leaves gradually increased 
with the age of the plants until post-blooming stage after 
which it declined and more sharply in pod-maturing stage. 
Individual inoculation of the nematode and the fungus 
however, brought about significant reduction in chlorophyll 
content but their combined inoculation caused greater 
reduction (Table 17b). 
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Multiplication rate of the reniform nematode was high 
in the vegetative stage of the plants and from where it 
increased gradually to the later stages. However, increase in 
multiplication rate was comparatively slow. Moreover, 
increase in multiplication was noted only upto pod-setting 
stage beyond which its multiplication declined. In combined 
inoculation with fungus, the multiplication rate of the 
nematode was adversely affected and the percent reduction in 
its population increased from vegetative to pod-maturing 
stage. While on the other hand, root-rot development 
increased with the age of the plant till last stage and also 
in the combined inoculation with the nematode (Table 17b). 
4.18.1 Effect of individual and combined inoculation of 
Meloldogyne incognita and Macrophomina phaseolina at 
different age of mungbeiin (Phaseolus aureus) cv. K-851 
on plant growth, pollen fertility, chlorophyll content 
and nematode nultiplication in the presence of 
Rhizobium. 
This experiment was designed to know whether there was 
any effect on pathogenicity or any relationships between the 
pathogens, if inoculations of the root-knot nematode, 
Meloidoqyne incognita and the root-rot fungus, Macrophomina 
phaseolina were made at different age of mungbean plants. It 
is clear from the results that there was significant 
reduction in plant growth (length, fresh and dry weights), 
number of pods, pollen fertility, chlorophyll content and 
root-nodule index in plants inoculated with either of the 
test pathogens singly or simultaneously and irrespective of 
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parameters gradually decreased as the inoculations were 
advanced. Thus maximum reduction was noted in plants 
inoculated at the age of two weeks and minimum at the age of 
eight weeks. In all these treatments, nematode was found to 
be more damaging to above parameters than the fungus. 
Combined inoculations of both the pathogens brought about 
further inhibition but it was less than the total sum of 
reduction caused by either of them alone (Table 18a). 
Highest multiplication rate of nematode was found in 
the plants inoculated with the nematode singly at the age of 
two weeks and then it decreased as the inoculations were 
advanced. Presence of the fungus appears to have adverse 
effect on nematode multiplication, irrespective of timing of 
inoculations similar trend was also noted in the root-knot 
development. 
Similarly root-rot index was found highest in plant 
inoculated with the fungus either singly or in combination 
with the nematode at the age of 2 weeks and it gradually 
decreased till the inoculations were made when plants were 8 
weeks old. The detailed results are as follows: 
Maximum reduction in plant length was noted when the 
plants were inoculated at the age of two weeks. The root-rot 
fungus caused less reduction (40.58%) than the root-knot 
nematode (46.62%) but their combination caused further 
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reduction to plants as it was noted to be 52.58% whereas 
rainiinum reduction was noted in the plants where they were 
inoculated at the age of eight weeks. Root-knot nematode 
caused 21.60%, fungus 15.45% and their association 23.38% 
reduction in plant length (Table 18a) . 
Individual and combined inoculations of both the test 
pathogens also caused maximum reduction in fresh/dry weights 
in plants inoculated at the age of 2 weeks. Their combined 
inoculation brought about 73.54% and 70.75% reduction 
respectively in fresh and dry weights. Corresponding figures 
for reduction caused by nematode alone were 60.56% and 62.32% 
and for fungus alone 46.86% and 53.26%. The reduction in 
fresh/dry weights gradually decreased with minimum reduction 
in the plants inoculated at the age of eight weeks. In this 
case combined inoculation caused 31.49% and 32.27% reduction 
respectively whereas the nematode alone brought about 30.23% 
and 31.32% and fungus 17.57% and 21.78% reduction 
respectively (Table 18a). 
Number of pods were also reduced due to the inoculation 
of the nematode and the fungus singly and simultaneously. 
There were 9.4, 14.7 and 5.5 pods in plants inoculated at the 
age of 2 weeks with the nematode alone, the fungus alone and 
the combination of the two compared with 29.5 pods in 
uninoculated plants. Whereas minimum damage in pod number was 
found in plants inoculated at the age of eight weeks. In this 
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set there were 19.0 pods in nematode-, 25.6 in fungus- and 
17.4 in combined inoculated plants (Table 18a). 
Highest inhibition in pollen fertility was observed in 
plants inoculated at the age of two weeks which gradually 
decreased till the inoculations were made at 8 week age. 
Pollen fertility (as measured in percentage) was 32.56%, 
39.40% and 22.56% in nematode, fungus and nematode + fungus 
inoculated plants at the age of two weeks as compared with 
90.36% in uninoculated control. Whereas in the plants 
inoculated at the age of weight week, these figures were 
60.45%, 70.60% and 54.56% respectively (Table 18a). 
Individual and combined inoculations of both the test 
pathogens also brought about maximum reduction in chlorophyll 
contents in plants inoculated at the age of two weeks. It was 
2.669 mg/g in uninoculated control, it decreased to 1.407 
mg/g in nematode, 1.627 mg/g in fungus and 0.728 mg/g in 
nematode+fungus inoculated plants.Minimum reduction was noted 
in plants inoculated at the age of eight weeks. In this case 
corresponding figures for chlorophyll contents in this set 
were 1.928 mg/g, 2.306 mg/g and 1.588 mg/g respectively 
(Table 18a). 
Highest inhibition in root-nodule was noted in plants 
inoculated at the age of two weeks which gradually decreased 
till the inoculations were made at the age of 8 week. In the 
former case (inoculation at 2 week age), they were 21.6, 35.7 
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and 10.2 in nematode, fungus and nematode + fungus inoculated 
plants compared with 72.5 in uninoculated control, whereas in 
the latter case these figures were 49.5, 66.2 and 44.1 
respectively (Table 18a). 
Highest multiplication of the nematode was noted when 
plants were inoculated at the age of 2-week, the final 
population (soil+root) being 25874. The multiplication 
gradually decreased till the last inoculation which were made 
at plant age of 8 weeks; it gave lowest figures of 11042 
nematodes. In the combined inoculations with the fungus, the 
reduction in nematode population was found highest in the 
plants inoculated at the age of two weeks and lowest in 
plants inoculated at the age of eight weeks, the figures 
being 18255 and 9774 respectively. There were 206.4 root-
galls in plants inoculated with the nematode alone at the age 
of two weeks and 102.2 inoculated at the age of eight weeks. 
Similar trend in combined inoculation was also noted, the 
presence of the fungus adversely affected root-galling. There 
were 160.5 root-galls in plants inoculated at the age of 2 
weeks and 90.8 in plants inoculated at the age of eight weeks 
(Table 18a). 
Maximum root-rot development was observed in plants 
inoculated at the age of 2 weeks and it gradually decreased 
thereafter till at the age of eight weeks. In the former 
case, it was 2.84 in plants inoculated with the fungus alone 
and 4.00 in combined inoculation with the nematode whereas 
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when inoculations were made at plant age of 8 weeks the 
root-rot index was 1.00 in fungus-inoculated and 2.12 in 
combined inoculation (Table 18a). 
4.18.2 Effect of individual and combined inoculation of 
Meloidoqyne incognita and Macrophomina phasedina at 
different age of mungbean (Phaseolus aureus) cv. 
K-851 on plant growtb, pollen fertility, chlorophyll 
content and nematode multiplication in the absence of 
Rhizobium. 
This experiment was carried out at the same time and 
on the same pattern with the other experiment (4.18.1), where 
seeds were bacterized before sowing, and then the plants were 
inoculated with the test pathogens singly or in combinations. 
An overall reduction in plant length, fresh/dry weights, pod 
number, pollen fertility and chlorophyll content of mungbean 
were found as compared with plants raised from bacterised 
seeds. In the present experiment (absence of Rhizobium) , 
nematode multiplication, number of root galls and root-rot 
development were noticed greater than those in the other 
experiment (presence of Rhizobium), thus resulting more 
reduction in different growth parameters (Table 18b). 
It is clear from the results of the present experiment 
(absence of Rhizobium) that individual as well as combined 
inoculations of Meloidoqyne incognita and Macrophomina 
phaseolina caused significant reduction in plant growth 
(length, fresh/dry weights) pod number, pollen fertility and 
chlorophyll content. The reduction in above parameters was 
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Thus maximum reduction was observed in plants inoculated at 
the age of two weeks and minimum at the age of eight weeks. 
In all these treatments nematode was found to be more 
damaging than the fungus to above parameters. Their 
association caused further reduction but it was less than the 
total sum of reduction caused by either by them alone 
(Table 18b). 
Highest multiplication of the nematode was noted in 
plant inoculated at the age of two weeks and the minimum when 
inoculated at the age of eight weeks. Presence of the fungus 
in combined inoculation was found to have an adverse effect 
on nematode multiplication, irrespective of timing of 
inoculation. Likewise the root-rot development was more in 
plants inoculated at the age of 2-weeks which gradually 
decreased, minimum being in plants inoculated at the age of 8 
weeks. Similar pattern was also noted in case of root-
galling. However, presence of the nematode was found to have 
favourable effect on the root-rot development. Two-week old 
plants showed maximum reduction in plant length when 
inoculated with the test pathogens. Fungus caused less 
reduction (42.68%) than the nematode (50.37%) but their 
combination caused greater reduction as it was noted to be 
56.78%. On the other hand minimum reduction was observed in 
the plants inoculated at the age of eight weeks, the 
reduction being 17.29% in fungus-inoculated, 23.37% in 
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nematode inoculated and 25.32% in nematode + fungus 
inoculated plants (Table 18b). 
Plant inoculations with the test pathogens at the age 
of 2 weeks brought about maximum reduction in fresh/dry 
weights which decreased gradually till the inoculations were 
made at the age of eight weeks- In the former case, the 
reduction in fresh and dry weights caused by nematode alone 
were 67.67% and 62.09%, by fungus alone, 51.38% and 57.46% 
and by their combined inoculation 78.67% and 66.42% 
respectively. In the latter case the corresponding figures 
for reductions were 34.39% and 29,66% in nematode alone, 
17.33% and 15.30% in fungus alone, 36.38% and 31.53% in 
combined inoculation respectively in fresh/dry weights 
(Table 18b). 
Similar trend was also noted in case of pod number per 
plant. There were 5.2, 8.3 and 2.1 pods in plants inoculated 
at the age of two weeks with the nematode alone, fungus alone 
and the combination of the two compared with 22.4 pods in 
uninoculated plants. Whereas the minimum damage in pod number 
was found in plants inoculated at the age of eight weeks. In 
this set there were 14.5 pods in nematode, 19.0 in fungus and 
12.8 in nematode + fungus inoculated plants (Table 18b). 
Highest inhibition in pollen fertility was observed in 
plant inoculated at the age of two weeks which gradually 
decreased till the inoculations were made at the age of eight 
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weeks. In the former case, the pollen fertility as measured 
in percentage was 27.70%, 34.46% and 19.37% in nematode, 
fungus and nematode + fungus inoculated plants compared with 
86.45% in uninoculated control. Whereas in the latter case, 
these figures were 57.66%, 72.49% and 53.36% respectively 
(Table 18b). 
Chlorophyll content of leaves greatly reduced in the 
plants inoculated at the age of two weeks. The chlorophyll 
content in uninoculated control was 2.438 m g / g . It decreased 
in plants inoculated at the age of 2 weeks to 1.009 mg/g in 
nematode-, 1.331 mg/g in fungus and 0.579 mg/g in nematode + 
fungus inoculated plants. While minimum reduction was noted 
in plants inoculated at the age of eight weeks. The 
corresponding figures for chlorophyll content in plants 
inoculated at the age of eight weeks were 1.607 mg/g, 1.964 
mg/g and 1.277 mg/g respectively (Table 18b). 
Highest multiplication of the nematode was noted in 
plants inoculated at the age of two weeks, the final 
population (soil + root) being 25478. The multiplication 
gradually decreased till the last inoculation which were made 
at the age of eight weeks, and the final population was 
12478. In the combined inoculations with the fungus, the 
multiplication of the nematode was found adversely affected 
maximum again in the plants inoculated at the age of two 
weeks and lowest in plants inoculated at the age of eight 
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w e e k s . Their number being 17653 and 10560 respectively. There 
were 266.8 root-galls in plants inoculated at the age two 
weeks and 132.4 at the age of eight weeks. Combined 
inoculations with the fungus adversely affected the root-
galling. There were 195.7 root-galls in the former case 
whereas these were 104.3 in the latter case (Table 18b). 
Root-rot development was found maximum in plants 
inoculated at the age of two weeks and it gradually decreased 
as inoculation were advanced. However, presence of the 
nematode had favourable effect on root-rot development. In 
plants inoculated at the age of 2 weeks the root-rot index 
was 3.00 and 4.33 respectively in fungus alone and fungus + 
nematode inoculated sets. Where as when inoculations were 
made at plant age of eight weeks, the root-rot development 
was 1.42 in fungus-inoculated and 2.12 in combined 
inoculations (Table 18b). 
4.19.1 Effect of individual and combined inoculation of 
Rotylenchulus reniformis and Macrophomina phaseolina 
at different age of mungbean (Phe^sgqlus auxStiS) cv. 
K-851 on plant growth, pollen fertility, chlorophyll 
content and nematode multiplication in the presence of 
ShisaMuffi. 
This experiment was conducted to see the effect of the 
test pathogens or relationship between t h e m , if inoculations 
of reniforra nematode, Rotvlenchulus reniformis and the root-
rot fungus, Macrophomina phaseolina were made at different 
age of mungbean plants, i.e., t w o , three, four, five, six, 
seven and eight weeks. It is clear from the results as 
315 


























^ o o o 
i s 
„ — ^ G> o O 
o o o 
CO 
1 o 
i n M r-« 
R 2 
$ 
I I C-! 
irj eo f— 
R W t3 
I I 
^ S « 
-o r--i <~-< 
R 
M 




!?5 c^  



















CO 2 a 
£8 « s 
psj CN s 
u 3C u. 
• • • CN* —« —. o o <» 
r-x. CO r^ ro ^ 
CN ^ o o o r-4 
A 5 S 00 3 
-«= -O 
m in -B-
R 2 !d 
I I cx 
<= ~ ^ cs M 
A ffi Pi S: 
g S & « 
U^ CM ^ 
^ ^ ^ 
asy 
I r CM ^ -> 
m o «»-
pj cS ?!? 
I I h-i 
I s 
^ a 3 
' S ::8 
« ® F3 
0-5 -<5 
in u-> S 
pj R; K ~ "" 
I " r I M 
I ' § 
R CO 
to 




-JO -A f~3 S o •OD 
h'-i a 
M C--3 
R 2 8 
tA CS 
S « 
^ E5 S: 
» S 
S? S8 
p; tf? » 
a in ir> 8 M • 
ft M If? r-3 nf ifi 
• 
8 
CO eg o rs< CO CO £2 o 
^ h-) 3 s p? s P:; CO 
CO cv Pj 
g § 
I C_J 3C u. zcs. 1 s l C_1 3e U. 
Q ^ £ ea (J cj CJ o £ 
8 s 
g § g o 
i s 
o ea c> 
§ 








O § c> 
§ 
c> o § 
fNj 
^ g s 3 
« o o c> 
3 5 £5 
^ K 
in in I-; ^  o 
gq ^ ^ « cv 
P| S 
I I fM M 
in >"> in S pi W J? rS 
I fo I cJ 
S t:2 
gs » 5? 3 22 % 










—• CN CM C--3 
g; 
1 <d K 
» £? EC CM rS S 
r-: .J 0 CO 
S R 
•>0 CW 
SI tr5 c4 u-> 











§ s --u ar> xa 
S 
J « S C3. 

















fS o o 
i § § o o o d o 
S § R o CO w 
• —! o o c> 
§ 2 S 3 £ 
r s —' o o 
§ S 2 S 
• • * • 
•-4 0 0 0 




o —. c> o o o cJ 
8 
c> 
s ^ s s i g 
o => 
3 cs K S K p? R 
Cf? s ^ mf U-i a K 
^ s s 
g s s 
u^ U-J f j 
£ KJ 
8 
I I f>3 
vo "«: Pi S K 
gS • • * 
j r c s 
r«4 
C50 hO S 




p! S? S S 
I cO r ~ 
u-j r^ -o 
a f3 W 




w & ^ 
eg in f-; 








Pi pj 93 
SPiZi E3 S tf? R S K 
h-5 If <s> o HQ •Bl- M «» O -o •tr *»• cs o 
P: •
o a 2; P: s 
-H OT 2 
CM cs CNI 
a s £3 
g; jj ^ 
3 e8 » 
^ hO ar 
R K 2 
• • • r^ CO 
c3 
1 W 1 
IS jg R q rS P! 2; 04 
2 23 t2 CM ^ Orj 
?s S 
•ji u-l •IT -JD 
a 8 CM 
r-. G CO CO CM 
F5 « 






UT CVI •"J" 
R 5Q 
q 2 liS Si S5 
•nr UT U-> 
c3 d P3 
S rS « 
CO O- CO 
« ss P; 
' 2: id 
W
!J? nS « :2 
CO » in » 
58 R ? 8 
r^ CO r^ r ^ f ^ cx 
•U3 R SC 
tfi 
00 





8 S § i 
ca ca ^ 
tj cj u) 
8 S 
o « u. ^  I I 
c i ea • • 
9j S 
317 
summarised in Table 19a/ that there was significant reduction 
in plant growth (length, fresh and dry weights), number of 
pods, pollen fertility, chlorophyll content and root-nodule 
number in plants inoculated with either of the test pathogen 
singly or simultaneously and irrespective of timing of 
inoculations. The reduction in these parameters gradually 
decreased as the inoculations were advanced. Thus maximum 
reduction was noted in plants inoculated at the age of two 
weeks and minimum when they were inoculated at the age of 
eight weeks. In all these treatments nematode was found to be 
more destructive to above parameters than the fungus. Their 
combined inoculations brought about further reduction but it 
was less than the total sum of reduction caused by either of 
them alone (Table 19a). When the results were compared with 
the other -experiment where M . incognita was the first 
pathogen, it was found that M . incognita was more potential 
pathogen than R . reniformis as plant damage was more in the 
former case. 
Multiplication rate of the nematode was found highest 
in the plants inoculated with the nematode singly at the age 
of two weeks and then it decreased as the inoculations were 
delayed. Presence of the fungus appears to have an adverse 
effect on nematode multiplication, irrespective of timing of 
inoculations. Similarly root-rot development was found 
highest in plants inoculated with the fungus either singly or 
in combination with the nematode at the age of 2 weeks. It 
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gradually decreased as the inoculations were delayed. 
However the presence of the nematode appears to have 
beneficial effect on the fungus as root-rot index improved in 
the presence of the nematode. The detailed results are 
summarized below: 
Individual and combined inoculation of both the test 
pathogen brought about maximum reduction in plant length when 
inoculated at the age of two weeks. The reniform nematode 
caused slightly more reduction (41.54%) than the fungus 
(40.58%) but their combination caused greater reduction to 
plants as it was to be 50.66%. Whereas minimum reduction in 
plant length was observed in the plants inoculated at the age 
of eight weeks, nematode caused 19.32%, fungus 15.45% and 
nematode+fungus 21.37% reduction in plant length (Table 19a). 
Maximum reduction was also noted in fresh/dry weights 
in plants inoculated at the age of 2 weeks. Combined 
inoculation brought about 67.26% and 68.36% reduction 
respectively in fresh and dry weights. Corresponding figures 
for nematode alone were 59.20% and 60.57% and for fungus 
alone 46.86% and 53.26% respectively. The reduction in 
fresh/dry weights gradually decreased with minimum reduction 
in the plants inoculated at the age of eight weeks. Here 
combined inoculation caused 27.51% and 28.46% respectively 
whereas the fungus alone caused 17.57% and 21.78% and 
nematode alone 26.41% and 27.19% reduction respectively 
(Table 19a). 
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Number of pods were also gradually decreased from 
plants inoculated at the age of two weeks to those inoculated 
at the age of 8 weeks by the test pathogens. There were 10.3, 
14.7 and 6.6 pods in plants inoculated at the age of 2 weeks 
with the nematode alone, fungus alone and the combination of 
the two compared with 29.5 pods in uninoculated plants. 
Whereas the minimum damage in pod number was found in plants 
inoculated at the age of eight weeks. In this set there were 
23.2 pods in nematode-, 25.6 in fungus- and 20.7 in jointly 
inoculated plants (Table 19a). 
Highest inhibition in pollen fertility was observed in 
plants inoculated at the age of two weeks which gradually 
decreased till the inoculation were delayed. In this case 
where inoculations were made at plant age of two weeks, the 
pollen fertility (as measured in percentage) was 34.52%, 
39.40% and 24.67% in nematode, fungus and nematode+fungus 
inoculated plants, compared with 90.36% in uninoculated 
control. Whereas the minimum reduction in pollen fertility 
was noted in the plants inoculated at the age of eight weeks, 
the corresponding figures were 68.24%, 74.60% and 62.52% 
respectively (Table 19a). 
Significant reduction was also noted in chlorophyll 
content with maximum in plants inoculated at the age of 2 
weeks and minimum in plant inoculated at the eight of eight 
weeks. In the former case, it decreased from 2.669 mg/g in 
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uninoculated control to 1.528 mg/g in nematode-, 1.627 mg/g 
in fungus and 0.868 mg/g in nematode+fungus inoculated 
plants. In the plants inoculated at the age of weight weeks, 
the corresponding figures for chlorophyll contents were 2.127 
mg/g, 2.306 mg/g and 1.768 mg/g respectively (Table 19a). 
Individual and combined inoculations of both the test 
pathogens brought about maximum inhibition in number of 
root-nodule in plants inoculated at the age of two weeks and 
it was gradually decreased till the inoculations were made at 
the age of 8 weeks. In the former case they were counted 
25.8, 35.7 and 14.5 in nematode, fungus and nematode+fungus 
inoculated plants compared with 72.5 in uninoculated control, 
whereas in the latter case these were noted to be 56.7, 66.2 
and 51.8 respectively (Table 19a). 
The nematode multiplication was found highest when 
nematodes were inoculated to plants at the age of 2 weeks, 
the final population (soil+root) being 23867. The 
multiplication gradually decreased till the last inoculations 
which were made at the age of 8 weeks; it gave lowest number 
of 9254 nematodes. In the combined inoculations with the 
fungus, the reduction in its population was found greater in 
the plants inoculated at the age of two weeks and the lowest 
in plants inoculated at the age of eight weeks; the figures 
being 16156 and 7786 respectively. 
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Root-rot development was also found highest in plants 
when fungus was inoculated singly at the plant age of 2 weeks 
and it gradually decreased thereafter till at the age of 
eight weeks. In the former case, it was 2.84 in fungus-
inoculated plants and 3.77 in combined inoculation with the 
nematode, whereas in the latter case it was 1.00 in fungus-
and 1.66 in combined inoculation with the nematode 
(Table 19a). 
4.19.2 Effect of individual and combined inoculation of 
Rotylenchttlus reniformis and Mc^crophomina p h a s e d i n a 
at different age of mungbean (Phaseolus aureus) c v . 
K-851 on plant growth, pollen fertility, chlorophyll 
content and nematode multiplication in the absence of 
Rhizobium. 
This experiment was carried out at the same time with 
the other experiment (4.19.1), where seeds were bacterized 
before sowing, and then plants were inoculated with the 
nematode and the fungus at the same pattern. There was an 
overall reduction in plant length, fresh/dry weights, pod 
number, pollen fertility and chlorophyll content of mungbean 
plant as compared with plants raised from bacterised seeds. 
Moreover, in this experiment (absence of Rhizobium) nematode 
multiplication and root-rot development were noticed higher 
than those in the other experiment (presence of Rhizobium), 
thus resulting more reduction in different growth parameters 
(Table 19b). 
It is evident from the results presented in Table 19b 
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individual and combined inoculations of Rotylenchulus 
reniformis and Macrophomina phaseolina caused significant 
reduction in plant growth (length, fresh/dry weights), pod 
number, pollen fertility and chlorophyll content. The 
reduction in above parameters was found gradually decreasing 
as the inoculations were advanced. Thus, the plants 
inoculated at the age of two weeks showed maximum reduction 
and minimum in plants inoculated at the age of eight weeks. 
In all these treatments, nematode was found to be more 
damaging than the fungus to above parameters. Their 
association caused further reduction but was less than the 
total sum of the reduction caused by either of them alone 
(Table 19b). Moreover, the damage caused by reniformis 
singly or jointly with the fungus was comparatively less than 
that caused by M . incognita singly or in combination with the 
fungus. 
Maximum multiplication of nematode was noticed in 
plants inoculated at the age of two weeks and the minimum 
when inoculated at the age of eight weeks. Presence of the 
fungus in combined inoculations was found inhibitory to the 
multiplication of the nematode, irrespective of timing of 
inoculations. Likewise the root-rot development was more in 
plants inoculated at the age of two weeks which gradually 
decreased, minimum being in plants inoculated at the plant 
age of eight weeks. However, on the other hand, presence of 
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the nematode was found to have favourable effect on the 
root-rot development (Table 19b). 
Two weeks old plants showed maximum reduction in plant 
length when inoculated with the test pathogens. Fungus caused 
less reduction (42.68%) than the nematode (47.26%) but their 
association caused greater reduction as it was noted to be 
54.53%. Whereas the minimum reduction was observed in plants 
inoculated at the age of eight weekS) the reduction being 
21.63% in nematode-inoculated, 17.29% in fungus-inoculated 
and 23.49% in combined inoculated plants (Table 19b). 
Plants inoculated with the test pathogens at the age of 
two weeks broughtabout maximum reduction in fresh/dry weights 
which decreased gradually till the inoculations were made at 
the age of eight weeks. In the former case, the reduction in 
fresh and dry weights caused by nematode alone were 62.24% 
and 60.82%; by fungus alone, 51.38% and 57.46% and by their 
combined inoculation, 72.70% and 64.55% respectively. In the 
latter case, the corresponding figures were 28.75% and 22.39% 
in nematode alone, 17.33% and 15.30% in fungus alone and 
32.33% and 25.37% in combined inoculation respectively for 
fresh and dry weights (Table 19b). 
Significant damage was also observed in pod number and 
there were 6.4, 8.3 and 2.7 pods in plants inoculated at the 
age of two weeks with the nematode alone, fungus alone and 
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the combination of the two, compared with 22.4 pods in 
uninoculated control whereas the minimum reduction in 
pod number was found in plants inoculated at the age of 
eight weeks. In this set there were 17.3 pods in nematode, 
19.0 in fungus and 15.9 in nematode + fungus inoculated 
plants (Table 19b). 
Pollen fertility was also greatly affected due to test 
pathogens at the plant age of two weeks which gradually 
decreased till the inoculations were made at the age of eight 
weeks. In the former case, pollen fertility (as measured in 
percentage) was 30.18%, 34.46% and 22.37% in nematode, fungus 
and nematode + fungus inoculated plants compared with 86.45% 
in uninoculated control whereas in the latter case, the 
figures for inhibition in the pollen fertility were 60.76%, 
72.49% and 58.12% respectively (Table 19b). 
Chlorophyll content of leaves highly reduced in the 
plants inoculated at the age of two weeks. In uninoculated 
control the chlorophyll content was measured as 2.438 mg/g 
and it decreased to 1.071 mg/g in nematode, 1.331 mg/g in 
fungus and 0.647 mg/g in nematode + fungus inoculated plants. 
On the other hand the minimum damage were noted in plants 
inoculated at the age of eight weeks and the corresponding 
figures for chlorophyll content were 1.806 m g / g , 1.964 mg/g 
and 1.468 mg/g respectively (Table 19b). 
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Nematode multiplication was found higher in plants 
inoculated at the age of two weeks, the final population 
(soil+root) being 24560. The multiplication gradually 
decreased and the minimum multiplication was noted when 8 
week old plants were inoculated, as their number was 9672. In 
the combined inoculation with the fungus, the multiplication 
of the nematode was found adversely affected, their numbers, 
when inoculation were made at plant age of 2-and 8-weeks, 
were 14364 and 8547 respectively (Table 19b). 
Root-rot development was found maximum in plants 
inoculated at the age of two weeks and it gradually decreased 
as the inoculation were delayed. However, presence of the 
nematode had favourable effect on root-rot development. In 
plants inoculated at the age of two weeks the root-rot index 
was 3.00 and 4.10 respectively in fungus alone and fungus + 
nematode inoculated plants. Whereas when inoculations were 
made at plant age of eight weeks, the root-rot development 
was 1.42 in fungus-inoculated, 1.72 in plants inoculated with 
the fungus and the nematode together (Table 19b). 
4.20.1 Effect of oil-seed cakes and nematicides on different 
paraneters of raungbean (Phaseolus aureus) cv. K-851 
inoculated with Meloidogyne incognita and/or 
Macrophomina phaseolina in the presence of Rhizobium. 
The present experiment deals with the effect of oil-
seed cakes of castor, mustard, neem and duan and nematicides, 
viz., dimethoate, aldicarb and carbofuran on different 
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nematode, Meloidogyne incognita and the root-rot fungus, 
Macrophomina phaseolina singly or in combination in presence 
of Rhizobium (Table 20a). 
It was noted that in untreated control both the test 
pathogens Individually or in combination caused significant 
reduction in plant length and weight, number of pods, pollen 
fertility, root-nodulation and chlorophyll content of leaves. 
However, the effect of nematode was found to be greater than 
the fungus but their combined inoculation caused further 
reduction though it was less than the total sum caused by 
either of there alone. Application of oil-seed cakes as well 
as nematicides brought about significant reduction in the 
plant damage caused by the test pathogens. The different 
treatments also caused significant reduction in the number of 
root-galls in individual as well as in combined inoculated 
plants while it was more pronounced in combined inoculation. 
This may be attributed to the effect of different treatments 
as well as to the antagonism of the fungus. Out of the 
different oil-seed cakes, neem cake proved to be more 
beneficial for improvement in plant growth and reduction in 
disease incidence. It was followed in order of efficacy by 
castor, mustard and duan cake. Among nematicides, dimethoate 
was found to be most-efficacious to the test pathogens 
followed by aldicarb and carbofuran. All these nematicides 
showed comparatively better results than the oil-seed cakes. 
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The inorganic fertilizers also showed improvement in plant 
growth and reduction in disease incidence but it was much 
less than obtained with the oil-seed cakes or the 
nematicides. 
In the untreated set, plant length was 56.65 cm in 
uninoculated control. The reduction was 46.65% in nematode-
inoculated, 36.56% in fungus-inoculated plants and 52.94% 
when both the pathogens were inoculated simultaneously. Among 
the oil-seed cakes, neem cake was found to be most 
efficacious against the test pathogens followed by castor, 
mustard and duan cakes. In the presence of these oil-seed 
cakes, the reduction in plant length due to nematode alone, 
fungus alone and nematode + fungus ranged between 28.29-
37.93%, 20.19-28.04% and 33.39-45.16% respectively. In case 
of nematicides, dimethoate improved the plant length better 
than others and it was followed by aldicarb and carbofuran. 
Here in these cases reduction in plant length due to nematode 
alone, fungus alone and nematode + fungus ranged between 
19.13-25.10%, 13.31-21.61% and 27.19-34.73% respectively. 
Significant reduction was also noted in plant weight by 
the test pathogens in the untreated s e t . The reduction in 
plant weight over uninoculated ones was 58.52% in nematode 
inoculated, 45.20% in fungus inoculated and 70.20% in 
nematode + fungus inoculated plants. Among the oil-seed 
cakes, neem cake was found to be most efficacious against all 
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the pathogens followed by castor, mustard and duan cakes. In 
presence of different oil-seed cakes, the reduction in plant 
weight due to nematode alone, fungus alone and nematode + 
fungus ranged between 32.05-40.77%, 24.01-33.01% and 39.37-
54.56% respectively. In case of nematicides, dimethoate 
caused greatest improvement in plant weight followed by 
aldicarb and carbofuran. Here the reduction in plant weight 
due to nematode alone, fungus alone and nematode + fungus 
was only 19.13-25-10%, 13.31-21.61% and 27.19-34.73% 
respectively. 
The pollen fertility was also reduced by infection with 
the test pathogens. In the untreated set, it was 84.20% in 
uninoculated plants, it decreased to 38.24% in nematode 
inoculated, 42.66% in fungus inoculated and 30.15% in their 
combined inoculation. However, there was not much change in 
pollen fertility by the application of oil-seed cakes and 
nematicides. 
The number of pods also increased due to the 
application of oil-seed cakes and the nematicides. In the 
untreated set, there were 26.0 pods in uninoculated control 
while the number decreased to 10.0 in nematode inoculated, 
16.2 in fungus-inoculated and 7.1 in nematode + fungus 
inoculated plants. Among the oil-seed cakes, greatest 
improvement in pod number was noted in neem cake treated 
plants. It was followed by mustard, duan and castor cakes. In 
the presence of these oil-seed cakes, pod number in plants 
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infected with nematode alone, fungus alone and nematode + 
fungus ranged between 27.5-20.5, 32.5-26.3 and 23.7-14.5 
respectively. In the case of nematicides, dimethoate 
increased the pod number to maximum and carbofuran the 
minimum. Here in these cases, the pod number in plants 
inoculated with nematode alone, fungus alone and nematode -
fungus ranged between 39.8-34.2, 42.5-38.2 and 34.0-31.7 
respectively. 
Total chlorophyll content of leaves also enhanced due 
to the application of various oil-seed cakes and nematicides. 
In the untreated set, it was 2.408 mg/g in uninoculated 
plants which decreased to 1.414 mg/g in nematode inoculated, 
1.583 mg/g in fungus inoculated and 0.885 mg/g in their 
combined inoculated plants. Among the oil-seed cakes, neem 
cake was found to be most beneficial for enhancing the 
chlorophyll content, it was followed by mustard, duan and 
castor cake. In the presence of these oil-seed cakes, the 
reduction in chlorophyll content due to nematode alone, 
fungus alone and nematode + fungus ranges between 18.20-
25.89%, 12.10-18.19% and 29.53-38.67% respectively. In case 
of nematicides, carbofuran caused greatest improvement in 
chlorophyll content followed by dimethoate and aldicarb. Here 
in these case reduction in chlorophyll content due to 
nematode alone, fungus alone and nematode + fungus ranged 
between 17.45-21.68%, 12.46-18.20% and 22.39-32.50% 
respectively. 
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There was significant improvement in nodule number due 
to the application of various oil-seed cakes and nematicides, 
however, in the latter case the development of nodule number 
was more than that of oil-seed cakes. In the untreated set, 
there were 62.5 root-nodules in uninoculated control while 
the number decreased to 25.2 in nematode - inoculated, 34.5 
in fungus inoculated and 15.5 in nematode + fungus inoculated 
plants. Among the oil-seed cakes, greatest development in 
root- nodules was noted in neem cake treated plant. It was 
followed by mustard, castor and duan cakes. In the presence 
of oil-seed cakes the number of root-nodules in plants 
infected with nematode alone, fungus alone and nematode + 
fungus ranged between 64.2-50.2, 72.2-60.2 and 56.5-35.2 
respectively. In case of nematicides, carbofuran increased 
the nodule number at maximum and aldicarb the minimum. In 
case of dimethoate 117.5 nodule per plant were formed. Here 
in these cases the nodule number in plants inoculated with 
nematode alone, fungus alone and nematode + fungus ranged 
between 86.7-80.0, 92.2-86.3 and 76.5-67.8 respectively. 
As a result of the application of oil-seed cakes and 
nematicides, root-galling was significantly inhibited, 
highest being in dimethoate (no. of root galls«62.3) followed 
by aldicarb (82.2), carbofuran (85.2), neem cake (110.2), 
mustard cake (132.5), castor cake (135.7) and duan cake 
(139.5). Even inorganic fertilizers caused considerable 
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reduction in root-galling as there were only 178.2 galls per 
plant compared with 205.7 galls in untreated control. The 
inhibition in root-galling was more pronounced when fungus 
was also present. It is understandable since fungus in the 
untreated (control) set also inhibited the root-galling 
(Table 20a). 
On the basis of above finding with respect to 
improvement in different parameters and reduction in root-
galling, the different treatments can be arranged in order of 
efficiency as: dimethoate > aldicarb > carbofuran > neem 
cake > mustard cake > castor cake > duan cake. 
4.20.2 Effect of oil-seed cakes and nematicides on different 
parameters of mungbean (Phaseolus aureus) cv. K-851 
inoculated with Meloidogyne incognita and/or 
Macrophomina phaseolina in the absence of Rhizobium. 
This experiment was conducted at the same time with the 
other experiment (4.20.1), where seeds were bacterized before 
sowing, and then the plants were inoculated with the fungus 
and nematode under same condition. It was noted in the 
present experiment that in absence of Rhizobium, there was an 
overall reduction in plant length and weight, pollen 
fertility, pod number and chlorophyll content of leaves of 
mungbean even after application of oil-seed cakes and 
nematicides as compared to those plants which were raised 
from bacterized seeds. Moreover, the test pathogens caused 
comparatively more damage to the plants. The formation of 
root-galls was more than that in presence of Rhizobium. In 
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cakes and nematicides also decreased against the test 
pathogens. This experiment (absence of Rhizobium) was 
undertaken the efficacy of oil-seed cakes and nematicides on 
different parameters of mungbean inoculated with the root-
knot nematode, Meloidogyne incognita and/or the root-rot 
fungus, Macrophomina phaseolina. 
It was observed in the untreated (control) set that 
both the test pathogens singly or in combination 
broughtabout significant reduction in plant length and 
weight, pod number, pollen fertility and chlorophyll content 
of leaves. However, nematode was found more detrimental 
than the fungus, but greater reduction was observed in their 
combined inoculated plants, though it was less than the total 
sum caused by either of them alone. The application of oil-
seed cakes as well as nematicides brought about significant 
reduction in the damage caused by the test pathogens, 
consequently improved the different growth parameters as 
compared to untreated control. Different treatments also 
caused significant reduction in number of root-galls, both in 
absence or presence of the fungus. However, it was more 
pronounced in letter case. Antagonistic effect of the fungus 
may be the other factor to reduce root-galls besides the 
effect of different treatments. Neem cake proved to be most 
beneficial out of the different oil-seed cakes tested for 
improvement in plant growth and then reduction in disease 
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incidence. It was followed in order of efficiency by castor, 
mustard and duan cakes. Application of nematicides also 
caused considerable improvement in plant growth besides an 
increase in number of pods, pollen fertility, root-nodulation 
and chlorophyll content of leaves. All these nematicides 
showed comparatively better growth than the oil-seed cakes. 
Among the nematicides, dimethoate was found to be most 
effective to the pathogens followed by aldicarb and 
carbofuran. The inorganic fertilizers also caused significant 
improvement in plant growth parameters and reduction in the 
disease incidence but it was much less than that obtained 
with the oil-seed cakes or the nematicides. 
In the untreated set, the plant length was 47.88 cm in 
uninoculated control. Nematode alone, fungus alone and their 
combined inoculation caused 54.34%, 40.43%, and 60.53% 
reduction respectively in plant length. Among the oil-seed 
cakes, neem cake was found most effective against the test 
pathogens besides improved plant length, it was followed by 
castor, mustard and duan cakes. In presence of these oil-seed 
cakes, the reduction in plant length due to nematode alone, 
fungus alone and nematode + fungus ranged between 32.44-
42.52%, 21.44-31.27% and 36^29-50.50% respectively. In case 
of nematicides dimethoate caused greatest improvement in 
plant length followed by aldicarb and carbofuran. Here in 
these cases, reduction in plant length due to nematode alone. 
3A2 
fungus alone and nematode + fungus ranged between 16.85-
30.65%, 10.64-21.45% and 23.74-34.15% respectively. 
The test pathogens also caused significant damage in 
plant weight. In the untreated set, reduction in plant weight 
over uninoculated plants was 65.22% in nematode inoculated, 
47.91% in fungus inoculated and 78.07% in nematode + fungus 
inoculated plants. The oil-seeds were found to be highly 
beneficial as they have significantly checked reduction in 
plant weight due to the pathogens. On the basis of efficacy 
these oil-seed cakes can be arranged with following order: 
neem > castor > mustard > duan. 
In presence of these oil-seed cakes, the reduction 
in plant weight due to nematode alone, fungus alone and 
nematode + fungus ranged between 35.90-45.90%, 24.58-35.03% 
and 41.20-56.17% respectively. In case of nematicides? 
dimethoate caused highest improvement in plant weight 
followed by aldicarb and carbofuran. Here the reduction in 
plant weight due to nematode alone, fungus alone and nematode 
+ fungus ranged between 20.41-31.21%, 16.55-24.75% and 
28.06-39.54% respectively. 
In the untreated set, the pollen fertility was 82.50% 
in uninoculated plants. There was 28.50% reduction in pollen 
fertility in nematode inoculated, 36.26% in fungus 
inoculated and 22.22% in nematode + fungus inoculated plants. 
Improvement was however seen in the pollen fertility due to 
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the application of oil-seed cakes and nematicides but not at 
significant level. 
The test pathogens considerably reduced pod formation. 
In the untreated set, there were 17.5 pods in uninoculated 
control while the number decreased to 5.5 in nematode-
inoculated, 9.4 in fungus-inoculated and 3.5 in nematode + 
fungus inoculated plants. Application of oil-seed cakes and 
nematicides, however, improved pod formation. Among the 
oil-seed cakes, greatest improvement in pod number was noted 
with neem cake. It was followed by castor cake, mustard cake 
and duan cake. In the presence of these oil-seed cakes, pod 
number in plants inoculated with nematode alone, fungus alone 
and nematode + fungus ranged between 19.6-13.0, 26.4-17.3 and 
15.0-10.0 respectively. In the case of nematicides, 
dimethoate increased the pod number to maximum level, it was 
followed by aldicarb and carbofuran. Here in these cases, the 
pod number in plants inoculated with nematode alone, fungus 
alone and nematode + fungus ranged between 32.8-26.2, 34.1-
29.0 and 28.4-20.5 respectively. 
Chlorophyll content of leaves was also improved due to 
application of oil-seed cakes and nematicides. In the 
untreated set, it was 1.955 mg/g in uninoculated control 
which decreased to 0.829 mg/g in nematode-inoculated, 1.367 
mg/g in fungus-inoculated and 0.577 mg/g in nematode + fungus 
inoculated plants. Among the oil-seed cakes, neem cake was 
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found to be most efficacious followed by castor cake, mustard 
cake and duan cake. In the presence of these oil-seed cakes, 
the reduction in chlorophyll content due to nematode alone, 
fungus alone and nematode + fungus ranged between 15.20-
32.02%, 11.79-21.74% and 28.69-45.44% respectively. Among the 
nematicides, dimethoate was found to be most beneficial 
followed by aldicarb and carbofuran. Here in these cases, 
reduction in chlorophyll content due to nematode alone, 
fungus alone and nematode + fungus ranged between 
16.01-19.32%, 11.47-16.69% and 23.80-32.04% respectively 
(Table 20b). 
As a result of application of oil-seed cakes and 
nematicides, the reduction was observed in root-galling, 
highest being with dimethoate (no. of root-galls = 74.5) 
followed by aldicarb (85.2), carbofuran (98.2), neem cake 
(123.5), castor cake (145.7), mustard cake (152.5) and duan 
cake (153.0) . Even inorganic fertilizers caused considerable 
reduction in root-galling as there were 187.3 galls per plant 
compared with 240.2 galls in untreated control. The 
inhibition in root-galling was more pronounced in plants 
inoculated with both the pathogens. It is understandable 
since fungus in the untreated (control) set also had 
inhibitory effect on root-galling (Table 20b). 
On the basis of above results with respect to 
improvement in different parameters as reduction in root-
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galling, the different treatments can be arranged in order 
of efficiency as; dimethoate > aldicarb > carbofuran > neem 
cake > castor cake > mustard cake > duan cake. 
4.21.1 Effect of oil-seed cakes and nematicides on different 
parameters of mungbean fPhaseolus aureus) cv. K-851 
Inoculated with Rotylenchulus reniformis and/or 
Macrophomina phaseollna in the presence of Rhizoblum 
The purpose of this experiment to know the efficacy of 
oil-seed cakes of neem, castor, mustard, duan and nematicides 
viz., dimethoate, aldicarb and carbofuran an different 
parameters of mungbean infected with the reniform nematode, 
Rotylenchulus reniformis and the root-rot fungus, 
Macrophomina phaseolina singly or jointly in presence of 
Rhizobium. 
It was noticed in the untreated (control) set that both 
the test pathogens singly or in combination caused 
significant reduction in plant length and weight, number of 
pods, pollen fertility, root-nodulation and chlorophyll 
content of leaves. However, the effect of nematode was found 
to be greater than the fungus but their combined inoculation 
caused further reduction though, it was less than the total 
sum caused by either of them alone. The application of oil-
seed cakes as well as nematicides brought about significant 
reduction in plant damage caused by the test pathogens. 
Multiplication of nematode in individual as well as in 
combined inoculations was adversely affected due to the 
application of various treatments, however it was more 
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to the effect of different treatments as well as to the 
antagonism of the fungus. 
Among the oil-seed cakes/ neem cake proved to be most 
beneficial for improvement in plant growth and reduction in 
the disease incidence. It was followed in order of efficiency 
by mustard, castor and duan cakes. Application of nematicides, 
e.g., dimethoate, carbofuran and aldicarb also caused 
considerable improvement in plant growth besides an increase 
in number of pods, pollen fertility, root-nodulation and 
chlorophyll content leaves. All these nematicides showed 
comparatively better growth than the oil-seed cakes. Among 
the nematicides, dimethoate was found to be most efficacious 
to the test pathogens followed by aldicarb and 
carbofuran. The inorganic fertilizers also improved plant 
growth and reduced disease incidence but it was much less 
than that obtained with the oil-seed cakes and the 
nematicides (Table 21a). 
In the treated set, the plant length was 56.65 cm in 
uninoculated control. The reduction was 40.26% in nematode 
inoculated, 36.56% in fungus inoculated and 48.46% when both 
the pathogens were inoculated together. Among the oil-seed 
cakes, neem cake was found to be most efficacious against the 
test pathogens, it was followed by mustard, castor and duan 
cakes. In presence of different oil-seed cakes, the reduction 
in plant length due to nematode alone, fungus alone and 
nematode + fungus ranged between 24.36-32.74%, 20.19-31.71% 
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and 29.29-41.09% respectively. In case of nematicides, 
carbofuran caused greatest improvement in plant length 
followed by dimethoate and aldlcarb. Here in these cases 
reduction in plant length due to nematode alone, fungus 
alone and nematode + fungus was only 16.50-27.39%, 13.31-
21.61% and 23.97-32.74% respectively (Table 21a). 
Significant reduction was also noted in plant weight by 
the test pathogens. In the untreated set, reduction in plant 
weight over uninoculated ones was 54.51% in nematode 
inoculated, 45.20%, in fungus inoculated and 62.64% in 
nematode + fungus inoculated plants. Among the oil-seed 
cakes,neem cake was found to be most efficacious against all 
the pathogens followed by mustard, castor and duan cakes. In 
presence of different oil-seed cakes the reduction in plant 
weight due to nematode alone, fungus alone and nematode + 
fungus ranged between 26.28-38.55%, 24.01-33.01% and 32.12-
47.29% respectively. In case of nematicides, carbofuran 
caused greatest improvement in plant weight followed by 
dimethoate and aldicarb. Here the reduction in plant weight 
due to nematode alone, fungus alone and nematode + fungus 
ranged between 21.12-31.30%, 18.57-24.25% and 27.43-35.98% 
respectively (Table 21a). 
Pollen fertility was also improved by the application 
of oil-seed cakes and nematicides but not at significant 
level. In the untreated set, it was 84.20% in uninoculated 
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plants which decreased to 45.29% in nematode inoculated. 
42.66% in fungus inoculated and 21.20% in their combined 
inoculation (Table 21a). 
The pod formation also increased due to the application 
of the oil-seed cakes and the nematicides. In the untreated 
set/ there were 26.0 pods in inoculated control while the 
number decreased to 12.3 in nematode-inoculated, 16.2 in 
fungus-inoculated and 7.6 in nematode + fungus inoculated 
plants. Among the oil-seed cakes, greatest improvement in 
pods number was noted in neem cake treated plants. It was 
followed by mustard, duan and castor cakes. In the presence 
of oil-seed cakes, pod number in plants inoculated with 
nematode alone, fungus alone and nematode + fungus ranged 
between 29.0-22.4, 32.5-26.3 and 24.5-15.6 respectively. In 
the case of nematicides*dimethoate increased the pod number 
to maximum level and carbofuran the minimum. Here in these 
cases the pod number in plants inoculated with nematode 
alone, fungus alone and nematode + fungus ranged between 
40.3-34.6, 42.5-38.2 and 34.5-32.0 respectively. 
The application of various oil-seed cakes and 
nematicides resulted an increase in the chlorophyll content. 
In the untreated set, it was 2.408 mg/g in uninoculated 
control which decreased to 1.526 mg/g in nematode inoculated, 
1.583 mg/g in fungus inoculated and 0.966 mg/g in their 
combined inoculated plants. Among the oil-seed cakes, neem 
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cake was found to be most beneficial for enhancing the 
chlorophyll content. It was followed by mustard cake, duan 
cake and castor cake. In the presence of these oil-seed cakes 
the reduction in chlorophyll content due to nematode alone, 
fungus alone and nematode + fungus ranged between 14.80-
25.77%, 12.06-17.96%, 24.42-34.54% respectively. In case of 
nematicides, carbofuran caused greatest improvement in 
chlorophyll content followed by aldicarb and dimethoate. Here 
in these cases, reduction in chlorophyll content due to 
nematode alone, fungus alone and nematode + fungus ranged 
between 15.13-22.36%, 12.33-18.20% and 20.43-29.65% 
respectively (Table 21a). 
Significant improvement was also noted in nodule number 
due to the application of various oil-seed cakes and 
nematicides, however, in the latter case, the development of 
nodule number was more than the former case. In the untreated 
set there were 62.5 nodules in uninoculated control while the 
number decreased to 30.2 in nematode inoculated» 34.5 in 
fungus inoculated and 21.2 in nematode + fungus inoculated 
plants. Among the oil-seed cakes, greatest development in 
nodule number was noted in neem cake treated plants. It was 
followed of mustard, castor and duan cakes. In the presence 
of oil-seed cakes, nodule numbers in plants infected with 
nematode alone, fungus alone and nematode + fungus ranged 
between 68.3-54.3, 72.2-60.0 and 61.4-42.4 respectively. In 
the case of nematicides, carbofuran increased the nodule 
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number at maximum level and aldicarb the minimum. Application 
of dimethoate formed only 117.5 nodules per plant. Here in 
these cases the nodule number in plants inoculated with 
nematode alone, fungus alone and nematode + fungus ranged 
between 89.4-82.4, 92.2-86.3 and 79.5-70.3 respectively 
(Table 21a). 
As a result of the application of oil-seed cakes and 
nematicides, nematode multiplication was significantly 
inhibited, highest being in dimethoate (4596) followed by 
aldicarb (5676), carbofuran (7845), neem cake (8895), mustard 
cake (10384), duan cake (12765) and castor cake (14846). Even 
inorganic fertilizers caused considerable reduction in 
nematode multiplication as there were 19869 nematodes per pot 
compared with 24510 in untreated control. The inhibition in 
multiplication rate was more pronounced when fungus was also 
present. It is understandable since fungus in the untreated 
(control) set as also inhibited the nematode multiplication. 
On the basis of above finding with respect to 
improvement in different parameters and reduction in nematode 
multiplication, the different treatments can be arranged in 
order of efficacy as: dimethoate > aldicarb > carbofuran > 
neem cake > mustard cake > caster cake > duan cake. 
4.21.2 Effect of oil-seed calces and nematicides on growth 
parameters of mungbean (Phaseolus aureus) cv. K-851 
inoculated with Rotylenchulus reniformis and/or 
Macrophomina phaseolina in the absence of Rhizobium. 
This experiment was conducted simultaneously with the 
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sowing, and then the fungus and the nematode were inoculated 
to the plants under same conditions. In the absence of 
Rhizobium, it was observed that there was an overall 
reduction in plant length and weight, pollen fertility, pod 
number and chlorophyll content of leaves of mungbean even 
after application of oil-seed cakes and nematicides as 
compared to those plants which were raised from bacterized 
seeds. Moreover, the test pathogens caused comparatively more 
damage to the plants. The multiplication of nematode was 
found to be more than that in presence of Rhizobium. The 
efficiency of various oil-seed cakes and nematicides also 
decreased against the test pathogens. In this experiment also 
the efficacy of oil-seed cakes of neem, castor, mustard and 
duan and nematicides viz., dimethoate, aldicarb and 
carbofuran was evaluated with respect to different parameters 
of mungbean plants inoculated with the reniform nematode, 
Rotylenchulus reniformis and/or the root-rot fungus, 
Macrophomina phaseolina in absence of Rhizobium. 
In the untreated (control) it was observed that both 
the test pathogens singly or in combination caused 
significant reduction in plant length and weight, pollen 
fertility pod number and chlorophyll content of leaves. 
However, the effect of nematode was found greater than the 
fungus but further reduction was noted in their combined 
inoculation, though it was less than the total sum caused by 
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either of them alone. The application of oil-seed cakes and 
nematicides caused significant reduction in disease incidence 
incited by test pathogens and consequently improved the plant 
length and weight, pod number, pollen fertility and 
chlorophyll content of leaves as compared to untreated 
control. Significant reduction was noted in the 
multiplication of the nematode due to the application of 
oil-seed cakes and nematicides in individual as well as in 
combined inoculation. The antagonistic behaviour of the 
fungus may be the one of the factors other than the 
inhibitory effect of different treatments in the 
multiplication of nematodes. 
Out of the different oil-seed cakes tested, neem cake 
was found to be most beneficial for improvement in plant 
growth characteristics and reduction in the disease 
incidence. It was followed by castor, mustard and duan cakes 
in order of efficiency. Application of nematicides also 
brought about similar results but their performance was 
comparatively better. Among the nematicides, dimethoate was 
found to be most efficacious to the test pathogens and most 
beneficial for improvement in plant growth characteristics 
followed by aldicarb and carbofuran. Inorganic fertilizers 
also improved plant growth parameters and checked disease 
incidence but it was much less than the oil-seed cakes and 
the nematicides. Comparatively better results were observed 
with nematicides than oil-seed cakes (Table 21b). 
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Plant length was 47.88 c m . was noted in uninoculated 
control of the untreated set. The reduction was 46.24% in 
nematode inoculated, 40.43% in fungus inoculated and 56.29% 
in nematode + fungus inoculated plants. Among the oil-seed 
cakes, neem cake was found to be most-efficacious against 
the test pathogens followed by castor, mustard and duan 
cakes. In presence of these oil-seed cakes, reduction in 
plant length due to nematode alone, fungus alone and nematode 
+ fungus ranged between 25.81-35.53%, 21.44-31.27% and 
31.70-43.43% respectively. Among the neroaticides, dimethoate 
was found most beneficial for improvement in plant length 
followed by aldicarb and carbofuran. Here in these cases, 
reduction in plant length due to nematode alone, fungus alone 
and nematode + fungus ranged between 15.80-26.46%, 10.64-
21.45% and 24.23-30.75% respectively. 
Individual and combined inoculation of both the test 
pathogens caused significant reduction in plant weight in the 
untreated set. Plant weight was noted as 13.86g in 
uninoculated control. Reduction was observed in this set, 
56.42% in nematode inoculated, 47.91% in fungus inoculated 
and 69.55% in nematode + fungus inoculated plants. Among the 
oil-seed cakes, neem cake was found most beneficial with 
respect to the reduction in plant damage followed by castor, 
mustard and duan cakes. In the presence of these oil-seed 
cakes reduction in plant weight due to nematode alone, fungus 
alone and nematode + fungus ranged between 34.38-40.25%, 
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24.58-35.03% and 39.52-54.57% respectively. Among the 
nematicides, dimethoate was found most beneficial for 
improvement in plant weight followed by aldicarb and 
carbofuran. Here in these cases, reduction in plant weight 
due to nematode alone, fungus alone and nematode + fungus 
ranged between 23.52-30.14%, 16.55-24.75% and 28.21-36.86% 
respectively (Table 21b). 
The test pathogens also caused significant reduction in 
pollen fertility when inoculated individually or 
simultaneously. In the untreated set, it was 82.50% in 
uninoculated plants. It was 32.50% in nematode inoculated, 
36.26% in fungus inoculated and 26.52% in nematode + fungus 
inoculated plants. However, there was not much change in 
pollen fertility due to the application of oil-seed cakes and 
nematicides (Table 21b). 
Application of oil-seed cakes and nematicides caused 
considerable improvement in pod formation. In the untreated 
set, there were 17.5 pods in uninoculated control, while the 
number decreased to 6.5 in nematode inoculated, 9.4 in fungus 
inoculated and 4.4 in nematode + fungus inoculated plants. 
Among the oil-seed cakes, neem cake was responsible for 
improvement in formation of pods followed by castor, mustard 
and duan cake. In presence of these oil-seed cakes, pod 
number in plants infected with nematode alone, fungus alone 
and nematode + fungus ranged between 19.9-14.7, 26.4-17.3 and 
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15.8-10.8 respectively. Among the nematicides, dimethoate 
increased pod number to maximum level followed by aldicarb 
and carbofuran. Here in these cases, pod number in plants 
inoculated with nematode alone, fungus alone and nematode + 
fungus ranged between 31.7-26.4/ 34.1-29.0 and 28.8-21.7 
respectively (Table 21b). 
Considerable improvement was noted in chlorophyll 
content of leaves due to application of various oil-seed 
cakes and nematicides. In the untreated set, it was 1.955 
mg/g in uninoculated plants which decreased to 1.185 mg/g in 
nematode inoculated, 1.367 mg/g in fungus inoculated and 
0.695 mg/g in nematode + fungus inoculated plants. Among the 
oil-seed cakes, neem cake was found to be most beneficial for 
improving the chlorophyll content, it was followed by 
castor, mustard and duan cakes. In the presence of these 
oil-seed cakes, the reduction in chlorophyll content due to 
nematode alone, fungus alone and nematode + fungus ranged 
between 14.18-27.66%, 11.79-21.74% and 26.48-40.95% 
respectively. In case of nematicides, dimethoate brought 
about maximum improvement in chlorophyll content followed by 
aldicarb and carbofuran. Here in these cases, reduction in 
chlorophyll content due to nematode alone, fungus alone and 
nematode + fungus ranged between 17.68-19.10%, 11.47-16.69% 
and 22.87-25.52% respectively (Table 21b). 
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As a result of the application of oil-seed cakes and 
nematicides, significant inhibition in nematode 
multiplication was noted, highest being in dimethoate 
(nematodes per pot=4650), aldicarb (5792), carbofuran (8016), 
neem cake (10468), mustard cake (12652), duan cake (13964) 
and castor cake (15540). Even inorganic fertilizers also 
caused considerable reduction in nematode multiplication as 
its number was 20057 per pot compared with 25374 nematode per 
pot in untreated control. The inhibition in nematode 
multiplication was more pronounced in plants inoculated with 
both the pathogens. It is understandable since fungus in 
untreated (control) set also had inhibitory effect on 
nematode multiplication (Table 21b). 
On the basis of above findings with respect to 
improvement in different growth parameters and inhibition in 
nematode multiplication, the different treatments can be 
arranged in order of efficiency as : dimethoate > aldicarb > 
carbofuran > neem cake > castor cake > mustard cake > duan 
cake. 
4.22.1 Effect of oil-seed cakes and nematicides in 
combination with normal/deep ploughing on the 
population of nematodes, frequency of fungi and 
different parameters of mungbean (Phaseolus aureus) 
cv. K-851 in field. 
1. Plant weight and related parameters: 
Plant weight as well as other parameters of mungbean 
(Phaseolus aureus) cv. K-851 greatly improved due to the 
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fertilizers compared with untreated control. However, the 
improvement was more pronounced in plants grown in deep 
ploughed beds than normal ploughed ones. The normal ploughed 
beds aldicarb brought about highest increase in plant weight 
(55.56g), followed by carbofuran (51.84 g ) , neem cake (49.00 
g)r castor cake (48.90 g) , dimethoate (48.50 g), mustard cake 
(44;66 g) and duan cake (41.28 g ) , compared with 17.40g in 
untreated control and 31.50g in beds treated with inorganic 
fertilizers. The test nematicides appeared to have an edge 
over oil-seed cakes for improving plant growth (Table 22a). 
The manifold increase in number of pods was observed in 
those plants treated with various treatments, e.g., oil-seed 
cakes, nematicide and inorganic fertilizers. Aldicarb and 
neem cake in their respective categories brought about 
highest production of pods which were 42.40 and 39.29 
respectively. Other treatments also increased the average 
number of pods per plant, the lowest number of pods was noted 
in duan cake (30.43) treated plants against 21.13 in 
inorganic fertilizers and 12.51 in untreated control. On the 
other h a n d , deep ploughing again enhanced the pod formation 
over normal ploughing in all the treatments (Table 22a). 
The percentage of fertile pollen grains also increased 
due to various treatments. In normal ploughed beds, among the 
nematicides treated beds, range of pollen fertility was 
85.62-89.04% while in case of oil-seed cakes it was 82.17-
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88.66%, as against 60.48% in inorganic fertilizers treated 
beds and 37.30% in untreated control. Deep ploughing further 
increased the pollen fertility, which was however more 
pronounced in the treatments where the fertility range was 
low in normal ploughed beds (Table 22a). 
In normal ploughed beds, the root-nodule index (on 0-5 
scale) increased from 2.0 in untreated plants to 4.6 - 5.0 in 
different nematicides and 4.2-4.6 in different oil-seed cakes 
compared with 3.1 in inorganic fertilizers. Aldicarb and neem 
cake were the most promising treatments in their respective 
categories to increase the root-nodulation. The root-nodule 
index further increased due to deep ploughing but the 
increase was more pronounced in untreated control than 
different treatments (Table 22a). Similarly nitrate reductase 
activity of leaf also enhanced significantly due to various 
treatments. In normal ploughed beds the N.R.A. was 0.659 in 
aldicarb, 0.606 in carbofuran, 0.554 in neem cake, 0.509 in 
caster c a k e , 0.495 in dimethoate, 0.435 in mustard cake and 
0.352 in duan c a k e , compared to 0.256 mole N02g F'VT^ 
in untreated plants. The NRA in inorganic fertilizers treated 
beds was slightly more than that of untreated control. The 
deep ploughing treatment further enhanced the NRA 
significantly in all the treatments except in untreated 
control (Table 22a). 
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The total chlorophyll content of the leaf was also 
found significantly more in all the treatments as compared to 
untreated control in normal as well as in deep ploughed 
beds. In normal ploughed beds treated with aldicarb, the 
total chlorophyll content was highest (2.669 mg/g) followed 
by neem cake (2.608 mg/g), carbofuran (2.596 mg/g), castor 
cake (2.586 mg/g), dimethoate (2.507 mg/g), mustard cake 
(2.315 mg/g) and duan cake (1.869 mg/g) compared with 1.471 
mg/g in untreated control and 1.869 mg/g in inorganic 
fertilizers treated beds. Deep ploughing again enhanced 
chlorophyll content in leaf (Table 22a). 
2. Root-galling: 
The different treatments of oil-seed cakes and 
nematicides significantly reduced root-galling caused by 
Meloidogyne incognita # however the root-galling was more 
sensitive to nematicides. Dimethoate brought down the number 
of root-galls to 44.54 from 176.32 in untreated control in 
normal ploughed b e d s . All other treatments also reduced 
root-gall to a great extent. Even the inorganic fertilizers 
considerably reduced the root-galling. Deep ploughing further 
inhibited root-knot development in all the treatments 
including untreated control (Table 22a). 
3. Population of nematodes: 
The population of all the stylet bearing nematodes 


















•rofoMtrj^Wco-ooo i-BS-wr'^ 'a-'a- 3 m 
§ p:« c? S s « W 
i. 
Es ifl G ts 2 ^^  a 
s 
tf s , - I XJ III f^  |<0 11 t.^  CL 
i l i ^ l c ^ J j l = 
2 Sf ^  
O ks. a< m 
•t s 
^ 3 s 
w <• 5 






cS a 3 jy o 
C" % 
- 5: II ^ 





•3 3 " 





o m o ^ 
i:. J s 
^ == s £ -e 
m w GL. " C^  I. 
368 
were dominant species, decreased in all the beds due to 
various treatments while it increased in uninoculated 
control. In the normal ploughed beds, the population 
increased from the initial level of 1385 per 200g to 3311 in 
untreated beds and 2348 in inorganic fertilizers treated 
beds whereas other treatments greatly reduced the population 
of nematode and the highest reduction was observed in 
aldicarb (612 per 200g soil) followed by carbofuran (650) and 
neem cake (664). Other treatments also effectively contained 
the multiplication of nematodes. Despite the suppressant 
effect of inorganic fertilizers on nematodes compared to 
untreated control, it could not arrest the multiplication 
beyond the initial level. Deep ploughing on the other hand, 
further reduced the population of nematodes in all treatments 
including untreated control, however the efficacy of 
different treatments with deep ploughing varied (Table 22b). 
The population of Meloidogyne incognita was reduced 
significantly by all the treatments in normal as we]1 as in 
deep ploughed beds. Among the oil-seed cakes, neem cake was 
found most effective to check the multiplication as the final 
population was recorded as 304 per 200g soil compared with 
1883 in untreated contcol while the duan cake was next in the 
efficacy where the population was 513. Among the nematicides, 
aldicarb most effectively suppress the population and only 
306 specimens per 200g soil were found. It was closely 
followed by carbofuran (327) and dimethoate (378). In the 
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deep ploughed beds, neera cake was again proved most 
efficacious among oil-seed cakes as at brought down the 
population to 130 per 200g soil. Among nematicides aldicarb 
caused greatest reduction in the population of the nematode 
which was reduced to 105 compared to 1405 in untreated 
control. 
Soil population of the reniform nematode, Rotvlenchulus 
reniformis was also reduced significantly by the application 
of various treatments in normal as well as in deep ploughed 
beds. In the normal ploughed b e d s , among the oil-seed cakes 
neem cake was most deleterious to its multiplication and the 
final population was 166 per 200g soil against 676 in 
untreated control, the remaining oil-seed cakes also brought 
about significant reduction in the population which was below 
the initial level whereas in case of nematicides, aldicarb 
reduced the population to a very low level (112 per 200g 
soil) much below the initial level. It was closely followed 
by carbofuran (121) and dimethoate (150). In the deep 
ploughed bed also neem cake was most effective among oil-seed 
cakes to reduced the population but among the nematicides 
carbofuran was most detrimental to this nematode as only 59 
specimen were counted as against 414 in untreated beds. 
The soil population of another dominant nematode 
species, the stunt nematode, Tvlenchorhynchus brassicae was 
also significantly reduced by the application of oil-seed 
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cakes as well as nematicides. Inorganic fertilizers also 
reduced the population but not to much extent. In normal 
ploughed beds neem cake was most effective among different 
oil-seed cakes to reduce the population to 62 followed by 
castor and mustard (65 each) and duan cake (89), while in 
case of nematicides, aldicarb reduced the population to 57 
followed by carbofuran (64) and dimethoate (77) as against 
192 in untreated control and 136 in inorganic fertilizers 
treated beds. In the deep ploughed beds, neem cake among all 
the treatments caused maximum reduction in the population 
which was noted only 17, however, aldicarb reduced the 
population to 23 as against 177 in untreated control. 
4 . Frequency of rhizosphere fungi: 
The frequency (percentage) of soil fungi was greatly 
influenced by the application of various treatments. 
Nematicides reduced all types of fungi irrespective of their 
parasitic or saprophytic nature. However, oil-seed cakes 
showed differential behaviour, e . g . the two non-edible oil-
seed ca^e, neem and castor were responsible for reduction in 
frequency of parasitic as well as in saprophytic form of 
fungi whereas the two edible oil-seed cakes, mustard and duan 
suppressed the parasitic forms in almost all case but 
side-by-side saprophytic forms increased. The reduction was 
also noted in saprophytic forms too frequency of most of the 
fungi increased in beds treated with inorganic fertilizers. 
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the nematicides proved to be most effective and greatly 
reduced the frequency of pathogenic fungi. 
In normal as well as in deep ploughed beds the pattern 
of the reduction in frequency was also identical. In normal 
ploughed beds the frequency of most of the pathogenic forms 
of fungi, viz., Macrophomina phaseolina, Alternaria 
alternata, Fusarium oxysporum# P. oxysporum f. lycopersici, 
Septorla leguminum, Synchytrium spp., Rhizoctonia solani, 
Sclerotium rolfsii, Cercospora canascens, Phvllosticta 
Phaseolina e t c . reduced in various treatments. Similarly the 
frequency of saprophytic forms, viz., Rhizopus nigricans, 
Mucor s p p . Aspergillus niger, A . flavus, A . flavipes, 
terreus. Cylindrocarpon spp. Monosporium olivaceum/ 
Cunninghamella echinulata . Drechslera-tawaiensis , Cladosporium 
herbarum etc. also reduced in beds treated with nematicides. 
However these fungi were generally supported by oil-seed 
cakes excepting neem and castor cakes which were inhibitory 
to some of these fungi (Table 22c) . Deep ploughing further 
reduced the frequency of these fungi. 
5 . Summary: 
It is evident from the results that due to reduction in 
nematodes population, root-galling and pathogenic fungi by 
the application of oil-seed cakes, nematicides and inorganic 
fertilizer thus improved the plant growth and other related 
parameters. The overall effect of nematicides was more than 
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that of oil-seed cakes. Among the nematicides, aldicarb and 
carbofuran increased plant growth and reduced pathogens to a 
low level whereas in case of oil-seed cakes, neem and castor 
cakes improved the plant growth more than that of other 
caves. Inorganic fertilizers were also effective but not to 
the extent of other treatments, however the root-nodulation 
and other parameters also increased significantly in the 
treated b e d s . Deep ploughing as a rule improved the efficacy 
of various treatments and checked the disease development. 
4.22.2 Residual effect of treatments of the preceding crop 
(munqbeanjPhaseolus aureus cv.K-851) on the population 
of nematodesr frequency of fungi and different parame-
ters of the following crop, chickpea (Cicer arietinum) 
cv. K-850 in field. 
After termination of mungbean crop all the beds were 
again prepared in the same manner and were uniformly ploughed 
(normal ploughing). Half dose of inorganic fertilizers were 
applied to all the beds and then chickpea c v . K-850 was grown 
to study the residual effect of various treatments of the 
preceding crop. The results are summarized below. 
1. Plant weight and related parameters: 
Plant weight and other related parameters of chickpea 
c v . K-850 were improved due to the preceding treatment of the 
1st crop compared with untreated control (oil-seed cakes, 
nematicides and inorganic fertilizers). However, the growth 
was more in previously deep ploughed beds than normal 
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improvement in plant growth of chickpea was noted in a bed 
treated in the preceding crop with aldicarb (80.39 g) 
followed by carbofuran (72.10 g ) , neem cake (70.44 g ) , 
dimethoate (69.55 g ) , castor cake (61.43 g), mustard cake 
(55.94 g) and duan cake (54.37 g) compared with 28.71g in 
untreated control and 40.74g in inorganic fertilizers treated 
beds. Similarly in deep ploughed beds, the plant weight of 
chickpea further increased in different treatments of the 
preceding crop and the trend was almost similar as in case of 
normal ploughed beds. The plant weight was 78.87 - 93.31g in 
different nematicides and the highest being in aldicarb 
treated beds while in case of oil-seed cakes the range was 
60.57 - 81.79g and here neem cake was found most beneficial 
to the plant growth (Table 22d). 
There were more pods in plants grown in beds treated 
with various treatments of the preceding crop. In the normal 
ploughed beds, the number of pods per plant were 64.30 in 
aldicarb, 58.56 in neem cake, 57.83 in carbofuran, 56.58 in 
dimethoate, 50.37 in castor cake, 47.29 in mustard cake and 
46.59 in duan cake against 23.50 in untreated control and 
39.64 in inorganic fertilizers treated beds. Deep ploughing 
during the preceding crop also increased the average pod 
numbers, neem cake and aldicarb being most effective in 
increasing the pod numbers in their respective categories 
(Table 22d). 
The percentage of fertile pollen grains was more in 
376 
those plants from different treatments of the preceding crop 
in both the systems of ploughing. In the normal ploughed 
beds, the maximum percentage of fertile pollen grains was 
observed in aldicarb (95.54%) and was closely followed by 
neem cake (90.93%), carbofuran (94.36%), dimethoate (93.72%) 
and castor cake (90.72%). Other treatments also increased the 
percentage of fertile pollen grains as against 51.64% in 
untreated control and 73.96% in inorganic fertilizers treated 
beds. Deep ploughing for the preceding crop increase the 
pollen fertility in almost all the treatments including 
untreated and inorganic fertilizers treated beds (Table 22d). 
The root-nodule index (on 0-5 scale) also increased in 
various treatments of the preceding crop whether they grow in 
normal and deep ploughed b e d s . In normal ploughed set of 
preceding crop, the root-nodule index was 5.0 in all the 
nematicide-treated plants whereas in case of oil-seed cakes, 
neem cake increased the root-nodule index to 4.9 as against 
2.9 in untreated control and 4.0 in inorganic fertilizers 
treated beds. Deep ploughing also increased the root-nodule 
index in all the treatments (Table 22d). Similarly the 
nitrate reductase activity (N.R.A.) of leaf also increased 
significantly due to various preceding treatments, however, 
more being in the deep ploughed set. In normal ploughed beds, 
the highest N.R.A. was noted in plants treated with aldicarb 
(0.759), carbofuran (0.695), neem cake (0.684), dimethoate 
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(0.652), castor cake (0.584), duan cake (0.523) and mustard 
cake (0.514) compared with inorganic fertilizers treated 
(0.447) and untreated beds where it was estimated as 0.424 /a 
mole N02g F h~l. The deep ploughing treatments further 
enhanced nitrate reductase activity in all the treatments of 
the preceding crop including untreated control but the trend 
was on the similar line of normal ploughing (Table 22d). 
The beneficial effects of the preceding treatments were 
also observed in the chlorophyll contents of the leaf. In 
normal ploughed beds, the highest chlorophyll contents was 
estimated in plants grown in beds treated with aldicarb, 
carbofuran, neem cake and dimethoate where the contents were 
above the 3.00 mark whereas all other treatments also in-
creased the content significantly. Here again the deep 
ploughing for preceding crop increased the chlorophyll 
contents in all the treatments, but aldicarb and neem cake 
were best in their respective categories. 
2 . Root-galling: 
Significant reduction was noted in root-galling caused 
by Meloidoqyne incognita due to different treatments of the 
preceding crop, however, nematicides had greater effect than 
oil-seed cakes. The range in the reduction of root-galling 
was 19.63 - 29.40 in nematicide-treated plants and 40.37-
56.50 in oil-seed cake-treated plants compared with 136.30 in 
untreated plants. In inorganic fertilizers, though the 
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reduction in galling was statistically significant but the 
reduction was much below to other treatments. Deep 
ploughing brought about further stress on the root-galling 
(Table 22d). 
3 . Population of nematodes: 
In case of normal ploughed beds the population of total 
tylenchids were slightly increased in those beds previously 
treated with neem c a k e , duan cake, inorganic fertilizers, 
dimethoate and carbofuran but it decreased in those beds 
treated with castor cake, mustard cake and aldicarb. The 
slight reduction was also noted in untreated control. The 
population of Meloidoqyne incognita slightly reduced in beds 
previously treated with castor cake, mustard cake and 
aldicarb successfully contained the population at the same 
level. In other treatments the population was slightly more 
than that of preceding crop, but the beds treated with these 
treatments, the population was far below than inorganic 
fertilizers beds (Table 22e). similar trend was also noted in 
the dominant species, Rotylenchulus reniformis and 
Tvlenchorhynchus brassicae as also in other nematodes. The 
population of Tvlenchorhynchus brassicae was greatly reduced 
in all treated beds except inorganic fertilizers. Deep 
ploughing of the preceding crop had adverse effect on the 
population of different nematode species which was less than 
normal ploughed beds. 
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oil-seed cakes and nematicides applied for the preceding crop 
can successfully contained the population of nematodes. 
4 . Frequency of rhizosphere fungi: 
In the second crop (chickpea), the frequency of most of 
the saprophytic fungi decreased or remained unaffected in 
untreated-normal ploughed beds, highest decrease being 
observed with Aspergillus flavus and A . flavipes as compared 
to the previous crop (mungbean), while frequency of A . niger 
and Mucor spp. remained almost the same in both crops. Soil 
application with oil-seed cakes in the first crop also had 
more or less favourable effect on the frequency of 
saprophytic fungi in the present crop. Among the oil-seed 
cakes, the residual effect of neem cake was found highest to 
increase the frequency of some saprophytic fungi, e.g., A . 
niger (20%) and A . flavus (20%), whereas the residual effect 
of other oil-seed cakes did not influence the frequency 
appreciably, but some reduction in frequency were seen. 
Nematicides, however, showed differential behaviour towards 
these fungi. All the nematicides suppressed the frequency of 
most of the saprophytic fungi except A . flavipes where 
frequency increased due to the treatment of aldicarb and 
dimethoate. The residual effect of inorganic fertilizers was 
seen in the form of decrease in the frequency of some 
saprophytic fungi but in some cases the effect was found 
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negligible. 
Parasitic fungi were also influenced due to oil-seed 
cakes and nematicides which were applied for the first crop. 
In case of oil-seed cakes there was differential 'behaviour 
towards the parasitic fungi. The residues of castor and neem 
cakes were found most effective in suppressing parasitic 
fungi in most of the cases, however, mustard and duan cakes 
were found least effective. But the frequency of a fungus, 
Phaseolina increased due to the treatment of all the oil-
seed cakes except castor cake where it decreased to 5%. The 
nematicides which were applied for the first crop either 
restricted or decreased the frequency of Alternaria 
alternata, F . oxvsporum, Rhizoctonia solani, Phvllosticta 
Phaseolina, and Sclerotium rolfsii except M . phaseolina in 
the present crop (chickpea). Both carbofuran and dimethoate 
were found most effective against most of the parasitic fungi 
(Table 22f). 
In deep ploughed beds, irrespective of the treatments 
of the first crop, there was a reduction in the frequency of 
most of the saprophytic as well as parasitic fungi, however, 
it was more in case of parasitic forms. 
In addition of the above observations some interesting 
trends with respect to the frequency of fungi were observed 
both with normal and deep ploughing treatments: 
1. In the untreated b e d s , Fusarium oxysporum and Synchvtrium 
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spp. showed highest frequency among different parasitic fungi 
on first crop (mungbean), however, in the second crop 
(chickpea) it was Fusarium oxysporum f . ciceri which showed 
highest frequency among parasitic forms. Among saprophytic 
fungi flavus and A . flavipes showed highest frequencies in 
the first and second crops respectively. 
2. Certain saprophytic forms e.g., Ozonium MxgUjyLm# fihi^opup 
nigricans, Monosporium olivaceum, Cladosporium herbarium A . 
terreus and parasitic forms e.g., Fusarium oxysporum, F. 
oxysporum f . lycopersici, Septoria leguminum, Svnchvtrium 
spp. Cercospora canascens, Monilia humicola were found in the 
first crop (mungbean) but could not be detected in the second 
crop (chickpea). 
3. Some saprophytic fungi like Rhizopus oryzae, 
Cephalosporium aspermum, Chaetomium flavus, Aspe rgillus 
candidus and parasitic fungi like F . oxysporum f . ciceri, F. 
moniliforme Curvularia tunata were observed only in second 
crop (chickpea) but not be detected in first crop (munqbean). 
4. Frequency of Trichoderma viridae and Penecillium deaetatum 
increased in the Ilnd crop due to most of th.e treatments 
except castor cake. Mustard cake and carbofuran also restrict 
the growth of P . degetatum. 
5 . There were certain fungi which could not be found in 
second crop due to the treatments of the first crop, e..g., 
A . alternata due to mustard cake, Phyllosticta phaseolji,na due 
to castor cake, neem cake and aldicarb and Sclerotium rolfsii 
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due to carbofuran. 
5 . Summary: 
It is evident from the results that significant 
reduction in population of parasitic nematodes, root-galling 
and frequency of pathogenic fungi due to various treatments 
(oil-seed cakes, nematicides and inorganic fertilizers) which 
were applied for the first crop, consequently improved the 
plant growth and other related parameters. The populations of 
plant-parasitic nematodes were increased in the second crop 
(chickpea) as compared to the first crop (mungbean) by 
residual effects of various treatments but much beJow the 
initial populations of t h e m . The overall residual effects of 
the nematicides was more than the oil-seed cakes with respect 
to the improvement in plant growth and other related 
parameters and reduction in population of parasitic nematodes 
and frequency of pathogenic fungi. Residual effects of 
inorganic fertilizers were found also effective but not to 
the extent of other treatments. It was also noted that the 
deep ploughing as a rule improved the efficacy of various 
treatments and because of this plant growth and other related 
parameters increased besides more reduction in nematode 
populations and frequency of pathogenic fungi were observed 
(Table 22 d,e,f). 

5 . DISCUSSION 
It is now well established that plant-parasitic 
nematodes cause considerable damage to economically important 
plants and have been firmly recognised as one of the 
important biological constraints for crop production. On the 
basis of production figures and prices of 1984, the worldwide 
crop losses due to nematodes in 21 crops, 15 of which are 
life-sustaining, were estimated by Sasser & Freckman (1987) 
at $ 77 billion annually. They further visualized that the 
losses would probably exceed $ 100 billion annually when all 
the world crops are considered. In case of pulse crops, the 
major obstacles in the way of increasing production are 
various diseases which are responsible for reduction and 
uncertainty in pulse yields (Grewal, 1983; Grewal ^ , 
1988). The production of pulses are greatly reduced by the 
diseases incited by plant-parasitic nematodes. Among 
important pulse crops, which stand between man and starvation 
(Wittwer, 1981), chickpea and mungbean are damaged by plant-
parasitic nematodes, the corresponding figures for losses 
being 13.7% and 10.9% respectively. About 10% loss in the 
yields of chickpea due to wilt-caused by Fusarium oxvsporum 
f« ciceri has been roughly estimated in chickpea growing 
states of India (Singh & Dahiya, 1973). 
In nature plants are never subjected to a single 
pathogen but are exposed to multipathogenic condition 
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(Powellf 1971a). These pathogens as well as other micro-
organisms are continuously interacting to each othei usually 
resulting in greater damage. In such situations, containing 
of the damage becomes rather tricky. The resistant cultivars 
may not remain resistant in such situations or they prove 
resistant to one and not to another pathogen at given time. 
This requires screening of large cultivars to different 
pathogenic situations for different regions. The different 
plant diseases can also be controlled by use of chemicals, 
organic matter amendments and many other agencies. These 
aspects have been investigated in the present study. The use 
of organic amendments has great relevance to the present day 
need of avoidance of pollution hazards caused by chemicals. 
This is more so in a situation like ours where organic wastes 
are easily available in large quantities. Oil-seed cakes, 
which are byproducts of agro-based industries, have been 
included in the present study to evaluate their efficiency 
against nematodes and fungal pathogens at a time. Some 
standard nematicides have also been included for comparing 
their efficacy. 
A survey, conducted in chickpea and mung bean liieids in 
and around Aligarh, revealed that plant-parasitic nematodes 
in addition to pathogenic fungi were consistently associated 
with the unthrifty crop growth. Among nematodes, root-knot 
and reniform nematodes occurred most frequently in both the 
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crops but in case of fungi, frequency of wilt-fungus, 
Fusarium oxysporum f . ciceri was high in chickpea fields and 
M . phaseolina in mungbean. The interactive effects of these 
pathogens on these crops have been investigated in the 
present study. 
VARIETAL REACTION OF CHICKPEA AND MUNG BEAN: 
In case of chickpea, cultivars Annigeri, C-375, Chaffa, 
E-lOO, EC-1538, F-61, F-404, JG-62, H-355, K-4, Hima, JGC-1, 
JG-23, JG-24, JG-221, ICC-391WR, BG-225, ICC-3103WR, ANM-123, 
BG-209, ICC-202WR, BG-220, Pusa-209 and K-850 were screened 
for their reaction in terms of damage in plant length and 
weight, percent pollen fertility, pod-number, chlorophyll 
content, nitrate reductase activity and root-nodulation to 
different inoculum levels of the root-knot nematode, 
Meloidoqyne incognita, the reniform nematode, Rotylenchulus 
reniformis and the wilt-fungus Fusarium oxysporum f . ciceri . 
These cultivars showed varying degree of susceptibility to 
the pathogens. In presence of Rhizobium, cultivars ICC-3103WR 
and ANM-123 were found resistant to M . incognita, cv. F-61, 
F-404, JG-221 and ANM-123 to R . reniformis, while no 
cultivar was found resistant to F . oxysporum f . cjcet;i,. This 
shows that cultivar ANM-123 was resistant to both the 
nematode species tested. Similar studies have also been 
conducted by many workers to evaluate the reaction of other 
cultivars of chickpea to M . incognita (Sandhu ^ 1981; 
Mani & Sethi, 1984; Hasan, 1983; Tiyagi & Alam, 1986; 
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Routaray ^ , 1987), R . reniformis (Sahoo ^ al,., 1986; 
Mahapatra & Padhi, 1986; Tiyagi & Alam, 1987) and F. 
oxysporum f . cjLcerl (Haware gt aJ., 1981, Zote et al., 1983, 
1987, Rahman & Ahmad, 1985; Shukla & Singh, 1986). In these 
studies, the reaction of different cultivars was assessed 
only on the basis of disease development (e.g., root-knot 
development, wilt-index) or population of the pathogen (e.g., 
nematode population). Whereas, in the present study, large 
number of plant growth parameters have been taken into 
account to obtain more accurate assessment of plant reaction 
to the test pathogens. Moreover, all the test cultivars have 
been screened to three major pathogens of the area at a time 
(Tables la, 2a, 3a). 
[ The plant damage due to the test pathogens increased 
with increasing inoculum level. More damage was caused by M . 
incognita than £ . reniformis. Similar results have also been 
reported by Hasan & Alam (1975), Ahmad ^ M * (1987a,b) and 
Tiyagi & Alam (1990). The reduction in plant growth may be 
due to physiological and structural aberrations caused by 
the pathogens. ^ 
Percent pollen fertility was reduced significantly when 
all the test pathogens were used at the higher inoculum 
level. These results are, in a way, similar to those of Ahmad 
et (1987a) and Tiyagi & Alam (1990) . Significant- reduc-
tion was also observed in the photosynthetic pigment, e.g., 
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chlorophyll content, due to these pathogens. Decrease in 
chlorophyll content in infected plants, adversely affect the 
photosynthesis, which in tern^ impede development: of plants 
in terms of reduced plant weight, number of fJowtirs and 
delayed flowering, ultimately resulting in reduced yields 
(Melakeberhan et ^ . , 1985). Moreover the nematode invasion 
is known to bring a change in the concentration of the 
nutrient elements in plants such as Fe, Zn, Cu, Mn and K, 
etc., which play a vital role for constituents of plants, 
e.g., Fe and Mn in the photosynthetic pigment (Devlin & 
Witham, 1986) . Change in the concentration of these nutrient 
elements in plants, even to small extent, appear to have a 
profound impact on host physiology, which in tern appears to 
be the major cause in limiting the growth of the host plant 
and cause imbalance in the translocation process (Bird & 
Loveys, 1975; McClure, 1977; Melakeberhan jgfe aj,. , 1985, Tiyagi 
et a l . , 1986). Chlorophyll content of chickpea wdL; also 
reduced due to wilt-fungus, F . oxvsporum f . ciceri (Murumkar 
& Chavan, 1985). 
The reduction In nitrate reductase activity (NRA) in 
nematode-infected plants may also be responsible for the 
reduction in plant growth. It was found that inhibitior in NR 
activity had a direct correlation with the inoculum level of 
the test pathogens in different cultivars of chickpea. It 
might be attributed to the fact that the nematode-infected 
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plants accumulate phenolics (Knypl & JanaS/ 1976) which on 
oxidation owing to the enhanced activity of phenoloxidase 
complex (Khaberman, 1972) yield high quantity of O~quinones, 
i.e., potential inhibitor of NR in vivo condition, especially 
in leaves (c.f. Klepper & Hageman, 1969; Stulen ^ 1971) 
and is responsible for limiting the nitrate absorption 
(Glynako & Korovin, 1970), a substrate for NR activity. The 
effect may also be dependent on the fact that nematodes 
disturb the metabolism of phytohormones (Viglierchio, 1971) 
such as cytokinin, which may increase NR activity in higher 
plants (Borris, 1967; Knypl, 1973). Roots of nematode 
infected plants are known to produce less cytokinins (Brueske 
& Bergeson, 1972) and this factor may be responsible for 
decreased NR activity especially in leaves {Knypl & Janas, 
1976) . 
While in case of fungus-infected plants, the reduction 
in NR activity was more pronounced at the higher inoculum 
level. It is well known that several fungi produce toxins. 
Fusaric acid produced by Fusarium spp. (Yabuta ^ al., 1934; 
Subba Rao, 1957) is known to cause stunting, chlorosis and 
even death of infected plants (Subba Rao, 1957; Andal, 1959). 
It also disturbs host-enzyme system and phytohormones metabo-
lism. All these factors might contribute towards reduced NR 
activity (Singh & Hubramanian, 1966). The reduction in NR 
activity in infected plants may also be due to reduced root-
nodulation, which provides substrate for NR activity . This 
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may be corroborated with the fact that there was a progres-
sive decrease in the number of nodules as the inoculum level 
of test pathogens increased. This finding are in conformity 
with those of Sharma & Sethi (1975), Chahal et .§1. (1985), 
Raut (1980), Chahal & Chahal (1989), Tiyagi & Alain (1990). 
Several workers have reported similar reduction in number of 
nodules due to M . incognita (Balasubramanian, 1971 ; Hussaini 
& Seshadri, 1975; Bopaiah ^ a l . , 1976a; Taha & Raski, 1969; 
Singh & Reddy, 1981), R . reniformis (Taha & Raski, 1969) and 
fungi (Orellana ^ r 1976; Marx, 1972). 
The reduction in number of nodules in test plant seems 
to be more due to nutritional interference particularly 
carbohydrates or physiological changes (Bopaiah ej: 
1976a; Hussaini & Seshadri, 1975; Nutman, 1958; Sharma & 
Sethi, 1976; Taha & Raski, 1969) or anatomical changes 
(Balasubramanian, 1971) brought about by nematode-i.nfection 
of plants rather than secretion of hydrolytic and oxadative 
enzymes (Barker gt aj,., 1972) or competitive phenomenon 
between rhizobia and nematodes (Epps & Chambers,1962; Malek & 
Jenkins, 1964) or interference of juveniles with the 
establishment of rhizobia (Hussaini & Seshadri, 1975). 
The reduction in these parameters seems^^ t <.> be 
responsible for reduced plant growth as also the pod .lumbers. 
The reduction in pod number may also be duo to ceduoea tood 
supply to the fertiJ« branches (Nath e ^ §1., 1979; Tiydqi & 
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A l a m , 1989, 1990) and to the deficiency of mineral nutrition 
(Melakeberhan ^ a l , 1985; Wallace, 1974). 
The rate of multiplication of nematode was adversely 
affected by increasing inoculum levels. Such observations 
have also been given out by several workers (Srivastava & 
Muthukrishnan, 1975; Nath e i , 1979; Tiyagi & Alam, 1986; 
1987, 1989, 1990). The reason for the reduction in nematode 
multiplication with increasing inoculum levels may be due to 
competition for food and space (Triantaphyllou, 1960; Davide 
& Triantaphyllou, 1967). 
In another expf^riment, where seeds of chickpea were not 
treated with Rhizobium (Tables lb,2b,3b), plant growth 
characters (length, fresh weight, percent pollen fertility, 
pod number, chlorophyll content and nitrate reductase 
activity) in both nematode-inoculated and uninoculated plants 
were reduced as compared with those in Rhizobium-treated set. 
This appears to be due to the increase in number of root-
galls in case of M . incognita and multiplication of nematode 
in case of R . reniformis in absence of Rhizobium. rt can 
possibly be assigned to the reduced resistance aqainst 
invading pathogens in less vigorously growing host plants. 
These findings are in agreement with those of OreJldUd et a l . 
(1976), Bopaiah ^ i d . (1976a) and Tu (1980). Reduced NR 
activity may be due to increase in nematode 
multiplication/root-grlling and possibly due to less 
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availability of its inducing substrate in absence of 
Rhizobium. 
In case of mungbean/ cultivars K-851, T-44, PDM-11, 
PDM-54, PDM-84-139, PDM-146, 4/395 and ML-137 were screened 
for their reaction in terms of damage in plant length, 
weight, percent pollen fertility, pod numbers, chlorophyll 
content, nitrate reductase activity and root-nodulation to 
different inoculum levels of the root-knot nematode, 
Meloidoqyne incognita, the reniform nematode, Rotylenchulus 
reniformis and the root-rot fungus, Macrophomina phaseolina. 
These cultivars showed varying degree of susceptibility to 
the pathogens. In the presence of Rhizobium, cultivars 
PDM-54 and PDM-84-139 were found resistant to M . incognita, 
cv. PDM-54 to B . reniformis. c v . PDM-146, PDM-84-139 and 
ML-137 to M . phaseolina (Tables 12a, 13a, 14a). This shows 
that cultivar PDM-54 was resistant to both the test 
nematodes. Similar studies have been also conducted by many 
workers to evaluate the reaction of other cultivars of 
mungbean to M . incognita (Das et al., 1986; aatfkdr & 
Jagdale, 1989; Ravindra & Setty, 1987; Ganapragasam et , 
1985) and reniformr.s (Patel ^ al., 1989; Routaray e^ al., 
1986). However, the present author is not aware about 
similar study with respect to varietal reaction of mungbean 
to M . phaseolina. In the earlier studies with M . incognita 
and R . reniformis, the reaction of different cultivars was 
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assessed only on the basis of root-knot development or 
population of the nematode, whereas in the present study, 
several growth parameters have been taken into account to 
obtain more accurate assessment of plant reaction to the test 
pathogens. Moreover, all the test cultivars have been 
screened to three major pathogens of the area at a time. 
Plant damage due to the test pathogens increased with 
increasing inoculum level as was also noted in case of 
chickpea cultivars. In case of mungbean too, more damage was 
caused by M . incognita than R . reniformis. Significant 
reduction was noted in plant length and weight, percent 
pollen fertility, chlorophyll content, nitrate reductase 
activity and root-nodulation. The various aspects of 
reduction in the parameters have been discussed earlier. 
Multiplication rate of the nematode on different 
cultivars of mungbean gradually decreased with increasing the 
inoculum level probably because of competition for food and 
space. 
In absence of Ilhizobium (Tables 12b, 13b, 14b) effect 
of the test pathogeny on growth parameters of mungbean was 
similar as in case of chickpea. 
INTERACTIVE EFFECTS OF MELOIDOGYNE INgQSEU^A AND 
ROTYLENCHULDS RENIFORMIS WITH FDSARIDM Qj^YgPOfiPM f. CJCERI ON 
CHICKPEA AND MACROPHOMINA PHASEOLINA ON MUNGBEAN: 
Interactive effects of M . incognita and £ . reniformis 
with P . oxvsporum f . ciceri on chickpea and M . phaseolina on 
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mungbean were examined in presence of Rhizobium. AlJ these 
pathogens caused significant reduction in plant length, 
fresh as well as dry weight, pod numbers, chlorophyll content 
and root-nodulation. The reduction in different parameters 
further increased where any of the two pathogens were 
inoculated together, more being with simultaneous 
inoculations than sequential inoculations. However, the 
reduction in different parameters caused by inoculation with 
two pathogens was less than the total sum of reduction 
caused by either of l;he pathogen singly. The effect further 
enhanced when all the three pathogens were inoculated 
simultaneously to thoir respective hosts. These results are 
in agreement with those of Minton & Minton (1966) , Kuahner 
& Crittenden (1967), Inagaki & Powell, (1969), Liburd & Mai 
(1976), Moormann M al^ (1980) and Pelcz et (1982). In 
sequential inoculations with nematode-fungus combination, 
plant damage was maximum when the nematode inoculation 
preceded the fungal inoculation than that of the reverse 
condition (Batten & Powell, 1971; Porter & Powell, 1967; Al-
Hazmi, 1985). Among nematode i noculated plants, the. damage 
was found to be more with Meloidogyne incognita than with R. 
reniformis (Tables 4a, 15a). However, in neaicitode-
nematode combination, it was maximum when M. incogni ta 
preceded S . reniformis than in the reverse case. Among fungi, 
on the other hand, F . oxysporum f. ciceri caused greater 
damage to chickpea than that caused by M . phaseolina in 
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mungbean. This aspect with respect to the reduction in plant 
growth, pod number, chlorophyll content and root-nodulation 
due to these pathogens has been discussed earlier. 
It is well known that root-exudates and sloughed-off 
tissues greatly influence the rhizosphere and rhizoplane 
mycoflora (Cook & Barker, 1983) . Plant-parasitic nematodes 
have often been considered as means to alter the nature of 
root-exudates of host plant. A consistent increase in the 
population density of F . oxysporum f . lycopersici in the 
rhizosphere of tomato roots infected by M . javanica was 
reported by Bergeson et (1970) . Exudates from M. 
incognita infected tomato roots have been reported to attract 
hyphae of Rhizoctonia solani, enhance initial sclerotial 
formation and increase severity of root-decay (Van Gundy e ^ 
al., 1977). Root-exudates from root-knot infected roots were 
found to contain higher concentrations of Ca, Mg, Na, K, Fe 
and Cu as compared to those from non-infected roots 
(Melakeberhan ^ ^ 1 . , 1987; Van Gundy et al., 1977). The 
combined infection resulted in severe root-rot of tomato was 
mediated principally through nutrient mobilization in gall 
tissue and root-exudation (Van Gundy ^ al., 1977; Owens & 
Specht, 1966). Root-exudates generally accumulate near the 
root-tip, and thus the soil microflora are also abundant and 
close to the avenues of entry for larvae of nematode and 
fungal hyphae. 
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Meloldoqyne spp. establish their secondary feeding 
sites in the xylem parenchyma cells, which result in 
significant changes in the morphology, anatomy and 
biochemistry of the host plants. One of the major changes 
occurring in parenchyma cells adjacent to the nematode 
feeding site is the great increase in their nutrient 
contents. Root-knot nematode are able to adversely affect 
this change by maintaining cells in a perpetuate juvenile 
state, as illustrated by nuclear division without cytoplasmic 
division (Bird, 1961; Huang & Maggenti, 1969). This extended 
juvenile state of affected cells may delay the rate of 
maturation and suborization of other vascular tissues and 
thus indirectly aid fungal pathogens to successfully 
penetrate and get established in the xylem elements. 
Nematodes also benefit the fungal pathogens by facilitating 
their entry into the host plants. The percentage of 
hemicellulose, organic acids, free-aminoacids, proteins, RNA 
and lipids were several times higher in giant cells than in 
similar cells in non-infected roots (Owens & specht, 1966). 
Meloidoqyne infection accelerated the amount of free amino-
acids by upto 700% (Sidhu & Webster, 1977), obviously many 
fungi would be benefitted from such an enriched .nedauni 
(Powell & Nusbaum, 1960; Melendez & Powell, 1967). 
There are several other possibilities where fungal 
pathogens get easy fntry after nematode infection. It was 
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reported that giant cells induced in tomato by M . javanica 
are most active metabolically and contain Kiaximum 
concentration of DNA and photosynthates at about 3 to 4 weeks 
after inoculation (Bird, 1972; Bird & Loveys, 1975; Webster, 
1985). This is also the stage in which Meloidogyne has its 
greatest host-predisposing capability, resulting in the most 
synergistic interaction with Fusarium wilt-fungi (Porter & 
Powell, 1967). The finding has illustrated the importance of 
the nematode in enhancing wilt development in Fusarium-
susceptible as wel] as intolerant cultivars, and has 
supported the pre-disposition phenomenon hypothesis 
(Atanasoff, 1925; Powell et aj.., 1971; Powell & Nusbaura, 
1960; Sidhu & Webster, 1977). 
Fungal toxins have also been implicated in the 
development of wilt symptoms associated with infections by 
Fusarium w i l t - fungi (Bell & Mace, 1981; Pegg, 1981). 
Production of toxins Is influenced by the level of nutrients 
in the growth medium, and thus nematode modified tissue may 
cause quantitative or qualitative changes in wiltr-toxin 
production and ultimately in wilt severely. 
Phytohormones may also play an important role in 
increased wilt severity. Roots are probable source ui many 
plant-growth regulators such as cytokinina and qibhcti JLjns 
(Kende, 1965; Phillips & Jones, 1964) and they fay also 
synthesize proteins (Burstrom, 1965). Changes caused by 
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root-knot nematodes may also include one or more of these 
physiological process, supporting the major role of 
Meloidoqvne spp. in the synergistic interactions and overall 
effect on plant growth and yield. 
Nematode + M . phaseolina combinations have also brought 
about significant damage in growth parameters in mungbean. 
Nematodes are known to play a vital role in elevating the 
pathogenic level of many soil mycoflora including M . 
phaseolina from minor (Chuff & Sherf, 1960) to major 
pathogens that normally fail to infect healthy roots {Powell 
1971; Al-Hazmi, 1985). 
These are some of the possible mechanisms which explain 
the elevated fungal disease intensity in the presence of 
nematodes. More reduction in different parameters in 
simultaneous in contiaut to sequential inoculation could be 
explained by the fpct that each organism has g(it pqual 
opportunity to paracitise the roots and alter iTiorphology, 
anatomy, cytology and biochemistry of host plant.*- (Mani, 
1983; Mani et , 1986; Khan & Saxena, 1969; Yang et , 
1976) . 
The population of both the nematodes was adversely 
affected in all the combinations with fungi en their 
respective hosts in contrast to where nematode was present 
alone. It was highest when fungus was introduced prior to 
nematodes and least in the receprocal condition (Tables 4a, 
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15a). It could be due to extensive colonization of 
hypertrophied and hyperplastic regions of nematode-induced 
galls by the fungus as also the rapid invasion of areas 
anterior and posterior to the female nematode and eggmasses; 
such fungal infection progressed very rapidly, resulting in 
drastic tissue disorganization and subsequent necrosis 
(Powell & Nusbaumr 1960; Ryder & Crittenden, 1965; Melendez & 
Powell, 1967; Polychronopoulos ejb al., 1969; Powell ^ ^ al«, 
1971; Al-Hazmi, 1985). The reduction in nematode population 
and number of root-galls/egg masses due to host-infection 
with fungi (Tables 4a, 15a) may also be due to the fact that 
both the organisms have settled in vascular system of 
plants, where antagonism has taken place with nematodes being 
greater sufferers. 
The fungi are also known to alter nematodes' sex-ratio 
of males to females. This ratio in cyst nematodes, Globodera 
rostochiensis increased in tomato if either of Rhizoctonia 
solani, Verticillium albo-atrum and grey sterile fungus was 
also present. This influence could result fron. an 
unfavourable environment for nematode development- di-*- to 
giant cells destruction. The ratio of males to females 
increased as fungal inoculum increased (Ketudat, 1969). Yang 
et a t . (1976) attributed it owing to reduced food sources for 
the nematode since the wilted plants remained stunted and 
often died. Similarly Johnson & Littrell (1970) reported 
reduced multiplication of Belonolaimus longicaudatus in 
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presence of fungurs possibly due to limited coot-system 
remaining after infection. F . oxysporum has decreased 
invasion and development of H . schachtii by three fold in 
sugarbeet (Jorgenson, 1970). 
Culture filtrates of the fungi have also been reported 
to be highly toxic to nematodes (Sharma & Gill, 1979; Mankau, 
1969; Shukla & Swarup, 1971). They also adversely affect the 
development of nematodes (Desai ^ al., 1972? Sharma & Gill, 
1979), probably due to presence of toxins and other 
metabolities of the fungi, like antibiotics (Alam et al., 
1973; Aral et al., 1973; Wheeler, 1975; Agarwal & Bisen, 1984; 
Sakhuja & Sethi, 1986a). 
As has been discussed earlier, plant damage was more in 
simultaneous inoculations of the pathogens than sequential 
inoculations. In the .latter case, however, prior inoculation 
of the nematode brought about more plant damage than that 
caused by prior inoculation of the fungus. 
It could possibly owing to the prior establishment of 
the nematodes in plant roots and secreting some substances 
which have adversely affected the virulence of lately 
inoculated fungi and it seems to be the reason of high 
population of nematodes in this treatment, whereas, in the 
reverse condition, where fungus got the opportunity to 
establish itself first, some nematoxins might have released 
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which had suppressed population build-up of the nematodes, in 
tern, limiting deleterious effects of nematodes and 
resulting in less damage to the host plants (Zaidi & Tiyagi, 
1989). These results are in agreement with those of Golden & 
Van Gundy (1975), Goswami ^ (1975), Batten & Powell 
(1971) and Al-Hazmi (1985). 
Both the test nematodes multiplied freely on the test 
plants, however, the multiplication rate of M . incognita was 
more than that of B* reniformis (Tables 4a, 15a). In 
simultaneous as well as in sequential inoculations, these 
nematodes were antagonistic to each other. In this 
process, multiplication of reniformis was suppressed by 
M . incognita to a greater extent. These findings are in 
accordance with those of Singh (1976), Hasan & Alam (1975), 
Ahmad ^ a i . (1987a,b) and Anver & Alam (1989). In a 
similar study, Johnson (1970) reported that M . incognita 
suppressed the population of Pratylenchus brachyurus when a 
M . incognita susceptible cultivar of tobacco was used. 
Estores & Chen (1972) reported inhibition of M . incognita 
population by P . penetrans and attributed it to competition 
for food and feeding site, whereas O'Bannon et (1976) 
assigned it to be due to a combined effect of both 
competition for feeding site and antagonism. Chapman (1959) 
noticed that in an association on alfalfa and red-clover, P. 
penetrans suppressed the population of Tylenchorhvnchus 
martini and assignee, it to be due to reduced food supply 
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available to T . martini as a result of root damage by 
P . penetrans» It was postulated that the root-damage by 
penetrans reduced the food supply available to 
T . martini. Johnson & Nusbaum (1970) used different 
cultivars of tobacco and reported a depressive effect of 
15. incognita upon M . hapla due to rapid necrosis of root-tips 
caused by invasion of M . incognita larvae thus reducing the 
infection sites for successful colonization by M . hapla where 
penetration zone for both the nematodes is root-tip 
(Birchfield, 1962). It is likely that overcrowding and 
clustering of infective units occurred during penetration at 
penetration zone which allowed fewer nematodes to penetrate 
(Khan efe al., 1986). This reduced penetration influenced the 
rate of population increase. The feeding sites of both 
nematode species in the roots lie in close proximity 
(Brichfield, 1962; Endo, 1975; Healed, 1975) which resulted 
in competition for food and space. This has reflected in 
population reduction of the nematode (Khan ^ , 1986). 
By and large, an inference can be drawn from the 
cohabitation studies involving two nematodes that this mutual 
inhibitory effects (Tables 4a, 15a) might broadly be due to 
competition for food and space (feeding sites) and also due 
to the common penetration zone. 
The number of root-galls caused by M . incognita was 
adversely affected when both the nematodes were inoculated 
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simultaneously and sequentially. The possible occurrence of 
antagonistic interaction between two species competing for 
food and space from the same root might be the probable 
reasons. The favourable condition in concomitant and prior 
inoculation of M . incognita to R . reniformis presumably 
promoted the development of females which might have been the 
reason for an increase in the population of root-knot 
nematode (Triantaphyllou, 1960; Davide & Triantaphyllou, 
1967). But in case where R . reniformis preceded M . incognita, 
the number of root-galls reduced, probably due to less number 
of feeding sites and space available for reproduction of 
root-knot nematode and increase in sex-ratio of males to 
females (Khan et al., 1986). 
This experiment was also repeated with unbacterized 
seeds. Herer the overall plant growth parameters (plants 
length, fresh and dry weights, number of pods and chlorophyll 
content) were less than those in plants raised from 
bacterized seeds {Tables 4b, 15b). These were further 
decreased in plants inoculated with the test pathogens in 
various combinations, greater than in bacterized pathogen 
infected plants. The reduction has positive correlation with 
the increase in the multiplication of both the test nematodes 
and root-knot development in M . incognita-infectod plants 
in both the crops. Increase in root-rot development due 
to M . phaseolina in case of mungbean was also recorded 
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(Table 15b) . It can be attributed to reduced resistance 
against the invading pathogens in less vigorously growing 
plants. These findings are in agreement with those of 
Orellana ^ a l . (1976), Bopaiah e t (1976a) and Tu (1980). 
EFFECT OF NEMATODES AND FUNGI ON DIFFERENT GROWTH STAGES OF 
CHICKPEA AND MONG BEAN: 
In this experiment, the extent of damage due to root-
knot nematode (Meloidogyne incognita), reniform nematode 
(Rotylenchulus reniformis), wilt-fungus (Fusarium oxysporum 
f. ciceri) and root-rot fungus (Macrophomina phaseolina) 
singly or in different combinations was examined in terms of 
plant length, fresh and dry weights, chlorophyll content and 
root-nodulation at different stages of plant growth 
(vegetative, anthesis, pre-blooming, full-blooming, post-
blooming, pod-setting and pod-maturing) as well as number of 
anthesis buds, flowers and p o d s , and percent pollen fertility 
at the onset or onward reproductive stages of chickpea and 
mungbean in the presence of Rhizobium (Tables 5a, 6a, 16a, 
17a). It was observed that the damage was highest at pod-
maturing stage and least at vegetative stage. It was also 
noted th^t concomitant inoculation with M . incognita and 
F . oxysporum f . ciceri on chickpea and M . incognita with 
M . Phaseolina on mungbean caused more damage than 
E . reniformis in combinations with the test fungi. Under 
single pathogenic condition, the plant damage was found 
to be maximum with F . oxysporum f . ciceri and minimum with 
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R . reniformis on chickpea (Tables 5a, 6a). While in case of 
mungbean, the maximum plant damage was caused by M . incognita 
and minimum by M . phaseolina (Tables 16a, 17a). The damage 
due to concomitant inoculations with the nematodes and the 
fungi could be attributed to their synergistic effect. 
Similar results have also been reported by many workers which 
have been discussed earlier. 
The maximum reduction in all the aforesaid parameters 
at pod-maturing stage could be due to the fact that the 
interacting pathogens have gained fairly long time to 
complete their life-cycle and have build-up their population 
to such an extent which was sufficient to have altered the 
host physiology badly. 
This experiment was also repeated with unbacterized 
seeds. Here, the overall plant growth parameters (plant 
length, fresh and dry weights, number of anthesis buds, 
percent pollen fertility, number of flowers and pods and 
chlorophyll content) were less than those in plants raised 
from bacterized seeds (Tables 5b, 6b, 16b, 17b), though the 
trend with respect to plant growth stage was on similar 
pattern. These were further decreased in plants inoculated 
with the test pathogens, greater than bacterized pathogen-
infected plants. This reduction has positive correlation with 
the increase in the multiplication of both the test 
kor? 
nematodes, and root-knot development in M . incognita-infected 
plants. In case of mungbean, root-rot development caused by 
M . phaseolina also increased in absence of Rfjizobiuni (Tables 
16b, 17b). It could be attributed to reduced resistance 
against the invading pathogens in less vigorously growing 
plants. These findings are in agreement with those of 
Orellana ^ a i . (1976), Bopaiah ^ a i . (1976a) and Tu (1980). 
EFFECT OF NEMATODES AND FUNGI INOCULATED AT DIFFERENT AGE OF 
CHICKPEA AND MDNGBEAJI: 
The test nematodes (Meloidoqvne incognita, 
Rotylenchulus reniformis) and fungi (Fusarium oxysporum f. 
ciceri t Macrophomina phaseolina), singly or concomitantly in 
the presence of Rhizobium, caused maximum damage to both the 
test plants with respect to plant growth, percent pollen 
fertility, pod number, chlorophyll content and root-
nodulation when they were inoculated at an early age of plant 
growth, i.e., after 2 weeks of seed germination and minimum 
when inoculated at the later phase of plant growth, i.e. 
after 8 weeks (Tables 7a, 8a, 18a, 19a). The extent of damage 
was observed to be directly correlated with the 
multiplication of both the nematodes on the test plants as 
well as development of root-rot caused by M . phaseolina on 
mungbean (Tables 18a, 19a). It is understandable since it is 
well known that nematodes adversely affect the young plants 
more than the older plants (Seinhorst, 1961). 
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There may be several reasons to explain the above 
phenomenon where pathogens have caused greater damage to 
plants, if inoculated at an early plant growth stage. 
More plant damage when nematodes were inoculated at an 
early stage may be due to the fact that enough time was 
available to nematodes to complete their second generation as 
compared to the condition where inoculations were made in the 
8th week of plant growth. Comparatively lesser reduction in 
different parameters when inoculations were made after . 8th 
week of plant growth could partly be due to the woody and 
stiff nature of root-tissues which permitted least 
penetration and development of invading pathogens in 
contrast to the soft and tender roots at early stage of plant 
growth which offered least resistance to invading pathogens. 
The penetration of second stage juveniles of Meloidogyne was 
also shown to be a chaemotactic phenomenon (Green, 1971; 
Prot, 1980). The composition of root-exudates which attract 
the pathogens may change with the age of the plant thus 
adversely affecting the penetration of nematodes leading to 
lesser damage to the plants inoculated at the later phase of 
growth. Root-exudates at an early stage of plant might have 
been more suitable for the pathogens to be attracted more 
and to get an easy entrance into the roots. Entrance zone, 
which is most suitable for penetration is frequent during 
early growth stage of plant (Hussey, 1985). Besides, the 
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mechanical (Linford, 1942) and enzymatic ( B i r d ^ ^ . , 1975) 
action employed by second stage juveniles to penetrate the 
roots of younger plants was sufficient to overcome the 
barriers on such roots. In older roots, comparatively higher 
level of phenols, which are known to increase resistance in 
plants, could be one of the factors responsible for less 
damage of plants at later phase. 
As the plant ages, the rhizosphere habitat changes 
significantly due to the changing root-exudates, which are 
relatively low in concentration in the period immediately 
following germination and reach a climax at the time of 
flowering (Rambelli, 1973). This is likely one of the several 
reasons why young plants are more susceptible to the attack 
of parasitic fungi than older ones. This may well be 
applicable to the interactive studies, when the altered 
rhizosphere niche tov/ards maturity of plants antagonises the 
invading nematodes and subsequently the fungi, in tern, 
resulting the very low damage to host plant than at young 
age. 
It was observed in a similar experiment, where seeds 
were not treated with Rhizobium, that the plant growth 
parameters (length, fresh as well as dry weights, percent 
pollen fertility, pod number and chlorophyll content) in both 
inoculated and uninoculated plants were to the lesser extent 
than those in the Rhizobium-treated set (Tables 7b, 8b, 18b, 
19b). This reduction has positive correlation with the 
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increase in the multiplication of both the test nematodes 
and root-knot development. Root-rot development caused by 
M . phaseolina in mungbean was also found more in absence of 
Rhlzobium (Tables 18b, 19b). It could be attributed to 
reduced resistance against the invading pathogens in less 
vigorously growing plants. These findings are in agreement 
with those of Orellana et (1976), Bopaiah et a l . (1976a) 
and Tu (1980). 
EFFECT OF OIL-SEED CAKES/NEMATICIDES ON PLANT GROWTH, 
NEMATODES AND FONGI IN RELATION TO PLOUGHING IN FIELD: 
Effect of oil-seed cakest 
The farmers have been using organic materials for 
improving soil fertility since the advent of agriculture. 
However, it has become known only recently that these organic 
additives are highly effective in suppressing many plant 
diseases including those caused by nematodes. 
In a field study, amending the soil with oil-seed cakes 
(castor, neem, mustard, duan) has caused significant 
reduction in the population of plant-parasitic nematodes, 
viz., Meloidoqyne incognita, Roty3,enc^u;us xgnjfQXmis, 
Tvlenchorhvnchus bpassicae, Hoplolaimus indicus. Tvlenchus 
filiformis, Helicotylenchus indicus, Hemicriconemoides 
manqlferae, etc. on chickpea and mungbean (Tables lib, 22b). 
The root-galling due to M . incognita was also reduced due to 
these treatments. These results are, in a away, in agreement 
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with those of Lear (1959), Singh & Sitaramaiah (1970), Gour & 
Prasad (1970), Alam & Khan (1974), and Siddiqui (1986) with 
other crops. 
It is well known that whenever some organic materials 
are added to the soil, there occurs an ecological succession 
of micro-organisms. Thus successive phases of biochemical 
degradation and succession of micro-organisms may guide the 
control of plant pathogens present in the soil. 
Various theories have been put forward to explain the 
mode of action of organic amendments leading to the control 
of plant-parasitic nematodes, such as: 
(i) Application of organic amendments may bring about 
changes in physical and chemical properties of soil inimical 
to nematodes (Ahmad et al., 1972). 
(ii) Nemato-toxic substances, present in the amendments are 
released after dissolution in water. Water soluble fractions 
of soil-seed cakes have been found highly toxic to plant-
parasitic nematodes (Khan aJL., 1974a; Rao & Prasad, 1969; 
Sitaramaiah ^ , 1974; Alam ^ , 1982) and inhibitory 
to larval hatching of Meloidoavne spp. (Khan ^ al., 
1974b).Some chemicals, e.g., nimbidin, thionimone and 
azadirachtin from neem have been reported to be highly 
nematicidal and nematostatic (Khan et , 1974b; Siddiqui, 
1986). 
(iii) Toxicants are produced/ released during microbial 
decomposition of organic amendments. Alam et a l . (1982) have 
reported that water soluble fractions obtained after 
different periods of decomposition of oil-seed cakes were 
progressively more nemato-toxic with increase in the time of 
decomposition. This indicate that the more toxic chemicals 
are released during the course of decomposition.Eno et al. 
(1955), Walker ^ (1967), Hasan & Saxena (1974), Khan et 
a l . (1974a), Sitaramaiah & Singh (1978a) and Alam ^ al. 
(1977b,c, 1978, 1979) have reported that ammonia, H2S, fatty-
acids, aldehyde, formaldehyde, amino-acids, carbohydrates are 
released during decomposition of organic matter. These 
412 
chemicals have been found highly deleterious to plant-
parasitic nematodes in vitro studies. 
The metabolites of microbes which become active during 
decomposition of organic amendments have also shown varying 
degree of toxicity of nematodes. In the present study also, 
an increase in the frequency of saprophytic fungi has been 
noted. Cultural filtrates of many saprophytic fungi have 
been found to be highly deleterious to plant-parasitic 
nematodes as reported by many workers (Alam e ^ 1973; 
Khan et a i . , 1981; Kirmani et , 1978). 
The water soluble fractions of organic amendments as 
such, as well as after decomposition and the microbial 
metabolites thus seem to play an important role in the 
control of plant-parasitic nematodes. In all the probability, 
these toxicants, reach the soil pore spaces, which inhabit 
the nematodes, thus adversely affecting their population 
build-up (Alam, 1976). 
(iv) The organic amendments also increase predaceous and 
parasitic activity of soil-biota (Linford, 1937; Mankau, 
1962; Mankau & Minteer, 1962; Singh & Singh, 1981). 
(v) Van der Laan (1956) had postulated that organic 
additives might induce some sort of resistance in plants 
against plant-parasitic nematodes. This was proved by later 
studies of Alam ^ ^ a l . {1977c, 1980) and Sitaramaiah & Singh 
(1978b), These workers reported that plants, raised in oil-
seed cake amended soil, acquire some resistance against 
plant-parasitic nematodes. They correlated this phenomenon 
with the increase in the phenolic level in plant roots and 
proposed that this increase might have caused due to the 
absorption of phenolics released from the amendments during 
the course of decomposition. 
(vi) Organic additives also release nutrients which 
accelerate rapid root development and overall plant growth 
thus helping the plant to escape nematode attack. This theory 
has been substantiated by the results of another experiment 
(pot study) where the organic amendments have improved plant 
mass several folds (Tables 9a,b; 10a,b; 20a,b; 21a,b). 
The various theories put forward to explain the mode of 
action of organic amendments as discussed above, may well be 
applicable in the present case where oil-seed cakes have 
significantly suppressed the population of plant-parasitic 
nemaotodes infecting chickpea and mungbean. 
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The reduction in the frequency of parasitic fungi was 
also noted in the beds amended with oil-seed cakes (Tables 
11c, 22c). These amendments also supported the growth of 
saprophytic fungi. Similar results have been obtained by 
Davey & Papavizas (1959, 1960), Papavizas & Davey (1960), 
Papavizas (1963) and Khan ^ (1973, 1974a) with other 
organic amendments. Addition of various types of organic 
matters have been found effective in suppressing the 
population of certain parasitic fungi and have controlled 
diseases caused by them, e.g., Phvtomatotrichum spp. 
(Mitchell 1941); Helminthosporium sativum (Chinn ^ 
al., 1953), F . solani f . phaseoli, R. solani and 
Thielaviopsis basicola (Snyder ^ a l . , 1959), R. solani 
(Chinn & Ledinghum, 1957), F . oxysporum f . cubens (Sequeira, 
1962), F . solani f . phaseoli (Toussoun £t , 1963) and 
Corticium sasakl (Dath, 1982). 
Oil-seed cake aniendments have also been found 
effective in suppressing the soil population of pathogenic 
fungi like Rhizoctonia solani, Colletotrichum and Fusarium 
spp. in the rhizosphere of eggplant, okra and tomato 
(Khan ^ al., 1973, 1974a), Fusarium udum on pea (Vasudeva ^ 
al., 1962, 1963), F . oxysporum f . ciceri on gram (Chauhan, 
1960), F . oxysporum f. coriander on coriander (Srivastava & 
Sinha, 1971), F.uduir. on pigeonpea (Singh & Singh, 1981,1982), 
Pvthlum spp. on ginger (Sadanandan & Iyer, 1986), Ganoderma 
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lucidum on coconut (Gunasekaran ^ , 1986), and F. 
oxysporum f . ciceri and Sclerotium rolfsii on gram (sinha & 
Prasad, 1986). 
There may be several reasons for the suppression of 
parasitic fungi with organic amendments. Khan et al. (1974b) 
have found vater soluble fractions of some oil-seed cakes, 
viz., n e e m , mahua, groundnut, castor and some bitter 
principles of neem like nimbidin and thionimone inhibitory to 
Helminthospocium nodulosum, Alternaria tenius and Curvularja 
tubercutata. 
Several fatty acids ( S a y r e ^ t al,., 1964, 1965; Patrick 
et a l . , 1965; Toussoun e ^ ^ . , 1968), aldehyde and ketones 
(Khan, 1972), amino-acids, carbohydrates, free-sulphur (Ahmad 
et a l . . 1972) are present or released during decomposition of 
organic amendments. Some of these have been reported to be 
toxic to pathogenic fungi (Sayre ^ aJL., 1965; Sayre, 1980; 
Singh & Pandey, 1965; K h a n ^ a l . , 1974b). The volatile 
degradation product of oil-seed cakes/ meals also inhibit the 
population of Fusarium spp. (Zakaria e^ 1980) . Fungi-
static effects due to amendments with degradation products of 
avocado trees have been reported by Wehner e_t a i . (1982) . 
The suppressant effects of organic amendments on 
parasitic fungi may also be due to stimulation of microbial 
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activity and bicontrol agents (Lockwood, 1960; Lloyed & 
Lockwood, 1966; Singh & Singh, 1981). 
In the present study, freqeuncy of both the saprophytes 
and antagonistic fimgi such as Aspergillus niger, A . flavus 
and Trichoderma viridae. Penecillium spp. were found 
increased due to the application of oil-seed cakes in both 
the crops. Evans (1955) and Saxena (1960) have also reported 
that high population of Trichoderma viridae may suppress the 
population of parasitic fungi. Several micro-organisms, e.g., 
Trichoderma viridae, Aspergillus niger, A . flavus, 
Penecillium spp.. Bacillus subtilis and Streptomvces spp. 
were found antagonistic to Sclerotium rolfsii in sterile as 
well as unsterile soil amending with groundnut oil-seed 
cake (Palakshappa et al., 1986). Increase in the freqeuncy of 
A . clavatus and T . viridae, known for antibiosis (Waksman, 
1945) in the rhizosphere of gram in the present study might 
be one of the reasons for poor infection of parasitic fungi. 
Thus it appears that improvement in plant growth of 
chickpea and mungbean in amended soil was due to reduction in 
population of plant-parasitic nematodes and frequency of 
pathogenic fungi (Tables 11a, 22a) and also due to their 
manurial effect (the test oil-seed cakes contain about 5% N ) . 
Increased microbial activity in amended soil is known to 
bring about unceased conversion of N to nitrate form 
(Schmidt, 1954; Gunner, 1963), which in tern, appears to be 
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responsible for stimulation of nitrate reductase activity as 
has been shown by the present study. Plants utilize the 
nitrate form of nitrogen, which however, must be reduced to 
ammonia before incorporation into the nitrogeneous compounds 
of plant. This reaction is mediated by enzymes, e.g., nitrate 
reductase. Nitrate reductase a metalloflavo protein is a 
substrate induced (NO3) enzyme (Afridi & Hewitt, 1965; 
Candela fit , 1957; Hageman & Flesher, 1960; Hewitt & 
Afridi, 1959). The application of oil-seed cakes provide more 
and more inducing substrate (nitrate) for the enzyme (nitrate 
reductase) to accelerate its activity, which results 
ultimately in increased metabolic activity of plants and then 
plant growth. 
Effect of nematicides: 
Application of different non-fumigant granular 
nematicides such as aldicarb, carbofuran and dimethoate 
brought about reduction in the population of plant-parasitic 
nematodes, viz., Meloidoovne incognita, Rotylen^hvlus 
reniformis. Tylenchorhvnchus brassicae , Hoplolaimus indicus, 
Helicotylenchus indicus, Tylenchus filiformis, 
Hemicriconemoides mangiferae, etc. on both the test crops 
(chickpea and mungbean) in field (Tables lib, 22b). The final 
populations of the first three nematode species, which were 
predominant on the test crops, were significantly reduced; 
it was much below the initial population. In case of 
M . incognita and R . reniformis maximum reduction in 
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population was obtained with dimethoate and minimum with 
carbofuran, whereas in case of T . brassicae, maximum 
reduction was obtained with the soil application of aJdicarb. 
Thus different nematicides showed varied efficacy against the 
plant-parasitic nematodes (Graham & Holdeman/ 1953). 
All these neTtiaticides were used primarily to reduce 
nematode population densities below damaging threshold level. 
Since these nematicides are water soluble, they disperse in 
the soil by percolation of water (Johnson & Feldmesser,1987). 
Thus they come in contact with the body of the nematode and 
penetrate the body (Nelmes, 1971; Nelmes §t a^., 1973). 
^Reduction in nematode population in nematicide-treated 
soil may be due to their interference with different 
developmental stages of nematode (Den Ouden, 1971), decrease 
in hatching, motility and delay in the moulting process 
(Steele, 1976; Steele & Hodges, 1975; Huang & Van Gundy, 
1978; Evan & Wright, 1982) as well as reduction in the 
production of eggs (Atilano & Van Gundy, 1979; Marban-Mendoza 
& Viglierchio, 1980; Myers, 1972; Hasan, 1989). Nematode 
function and behaviour may also be affected by nematicides 
including orientation to food source, feeding, root-invasion, 
male orientation to female, mobility and reproduction (Hough 
& Thomason, 1975). 
It is also reported that nematodes also cause reduction 
in giant cell development and in the number of ovipositing 
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females causing increase in the number of males, thus create 
unfavourable condition for the development of nematodes 
(Davide & Triantaphyllou, 1968). Application of nematicides 
may also induce resistance in plants against nematodes by way 
of increase in total phenols and orthodihydroxy phenols as 
has been reported in case of aldicarb by Mahajan & Bajaj 
(1981). 
The reduction in nematode population has been reported 
by the application of dimethoate (Singh & Prasad, 1973, 1974; 
Alam ^ 1975, 1981; Kirmani ^ , 1975), aldicarb 
(Sivakumar gj; , 1973, 1974; Reddy & Seshadri, 1975; Yein 
et al., 1977; Sakhuja & Sethi, 1986b; Hasan, 1989) and 
carbofuran (Singh & Prasad, 1973, 1974; Singh & Bindra, 1978; 
Upadhyay a t S i w 1979; Kaushik & Bajaj, 198]; Das & 
Mukhopadhyaya, 1984) on other crops. The number of root-galls 
was found reduced d^e to nematicidal application (Yein ^ 
ai., 1977). 
Incorporation of different nematicides, such as 
aldicarb, carbofuran and dimethoate also brought about a 
decline in the frequency of rhizosphere niycoflora (Tables 
11c, 22c). The reduction in the frequency of the Sdprophytic 
fungi was, however less than the pathogenic forms. It has 
been reported that the toxicity of these chemicals may 
manifest itself in reducing microbial growth, basic activity 
in metabolism and their reproduction (Tu & Miles, 1976; 
Bollen Qt ai., 1954, 1958; Bollen, 1961; Tu, 3972, 1975; 
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Bertoldi ^ a l . , 1977, 1978). Similar inhibition in the fungi 
has also been studied by Mckeen (1954), Singh & Prasad (1973, 
1978), Singh & Sharma (1978), Martin et al. (1957), Andrade & 
Santos (1962) and Midha & Nandwana (1974) . 
Comparatively less reduction in saprophytic forms than 
pathogenic forms could in part be due to their ability of 
fast colonization (Vaartaja & Agnihotri, 1970; Upadhyay & 
Rai, 1983). 
Application of nematicides/insecticides has resulted in 
improved plant growth of chickpea and mungbean in terras of NR 
activity, chlorophyll content, percent pollen fertility and 
pod number (Tables 11a, 22a). These findingn are in agreement 
with those of Benjamini (1986) who has also reported that 
seed dressing of chickpea with carbofuran brought about 
increase in root-nodulation, vegetative growth, branching and 
chlorophyll in the foliage. Bopaiah £t 3 I . (1976b) and Walia 
& Sashadri (1985) have also found increased nodulation with 
the application of nematicides. 
Improvement in plant growth might also be due to 
suppression/ elimination of pathogenic nematodes and fungi 
(Tables 9a,b; 10a,b; 11a,b,c,d,e,f; 20a,b; 21a,b; 22a,b,c, 
d,e,f) and stimulation of mycorrhizae population (German! ej: 
al., 1984). Application of nematicides rouults in 
availability of more nitrogen (Charles & Paul, 1958; Singh ^ 
al.^ 1985), which in turn, enhance biomass of the plant. 
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Increase in the surface area of roots also correspond 
directly with the number of nodules, thus obviously 
resulting in more nitrogen f i x a t i o n T h e overall effect may 
manifest in accelerated production of nitrate, an inducing 
substrate for NR activity. 
Effect of Ploughing: 
Depth of ploughing has also influenced the population 
of plant-parasitic nematodes as more reduction in nematode 
population was observed in deep ploughed beds (Tables llb,e; 
22b,e). The suppressant effect of deep ploughing on nematodes 
has been also reported by many workers (Brown, 1933; Ritter, 
1976; Waldmann, 1971; Thomas, 1978 and Khan & Saxena, 1980). 
Most probably the ecological set-up of nematodes is disturbed 
due to deep ploughing because such soils are exposed to the 
unfavourable condition, thus adversely affecting their 
reproduction (Khan & Saxena, 1980). Frequency of fungi was 
also found to be adversely affected due to deep ploughing. 
Effeqt of both oil-seed cakes and nematicides enhanced 
against plant-parasitic nematodes and pathogenic fungi when 
applied in deep ploughed beds. As a consequence of these 
adverse effects on pathogens, plant growth of chickpea and 
mungbean improved manifold in deep ploughed beds treated with 
oil-seed cakes and nematicides. 
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Residual effect of the treatments: 
The residual effects of oil-seed cakes, nematicides and 
ploughing on the population of plant-parasitic nematodes and 
frequency of fungi were also studied on the following crops 
in the next growing reason, e.g., mungbean and chickpea, 
which were grown after chickpea and mungbean respectively. It 
was observed in both the experiments (Ilnd crops) that the 
population of plant-parasitic nematodes as well as frequency 
of pathogenic fungi in beds which had received different 
treatments for the 1st crops, increased slightly over the 
final readings of the 1st crops but remained below the 
initial levels. This clearly showed that the suppressant 
effects of different treatments of the 1st crops persisted 
even in the subsequent crops (Tables lle,f & 22e,f). These 
findings with respect to plant-parasitic nematodes are in 
conformity with those of Singh & Sitaramaiah (1966) and Alam 
(1977a). 
The oil-seed cakes are made-up of complex organic 
substances which decompose rather slowly (Daji & Tyangar, 
1971), hence their adverse effects on pathogens persist for 
longer durations. In case of nematicides, it has been 
reported that their breakdown products persist in soil for 
longer durations (Leistra §t aj,., 1976), thus inhibiting the 
pathogens in the subsequent crops. Besides, they drastically 
reduce the pathogenic load to such a low level that its 
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build-up to a higher level require quite sometime (Hodge & 
Lear, 1973; A l a m ^ ^ . , 1977a). 
As a consequence of persistence of adverse effects of 
different treatments of the preceding crops on pathogens, the 
plant growth of the subsequent crops improved (Tables lid, 
226). These results confirm and extend the findings of Singh 
& Sitaramaiah (1966) and Alam ^ al. (1977a). 
EFFECT OF OIL-SEED CAKES/NEMATICIDES ON PLANT GROWTH, 
NEMATODES AND FDNGI IN POTS: 
In the pot study, efficacy of oil-seed cakes (neem, 
castor, mustard, duan) and nematicides (aldicarb, carbofuran, 
dimethoate) was evaluated against M . incognita and R. 
reniformis singly or in combination with Fusarium oxysporum 
f . clcerl on chickpea and Macrophomina phaseolina on 
mungbean. The results of the experiments (Tables 9a,b; 10a,b; 
20a,b; 21a,b) as also in the previous experiments (Tables 
11a,b,c & 22a,b,c), clearly show that the test pathogens 
caused significant damage to their respective hosts. 
Different combinations of nematodes and fungi brought about 
further reduction in plant growth parameters. Thus, nematodes 
appeared to have played an important ro3e In elevatin<^ the 
disease development even with an otherv7isG weak pathogens 
like jlj. phaseolina. It was also observed that different 
treatments with oil-seed cakes and nematicides have 
effectively contained the pathogenic effects. Highest 
inhibitory effects was found with dimethoate followed by 
423 
aldicarb, carbofuran, neem cake, castor cake, mustard cake 
and duan cake. This shows that the oil-seed cakes and the 
nematicides were equally effective against plant-parasitic 
nematodes and pathogenic fungi on their respective hosts. 
These results support many earlier findings where oil-seed 
cakes have been reported to be highly deleterious to 
nematodes (Sitaramaiah & Singh, 1978a; Alam ^ al.., 1977b,c, 
1979, 1982? Khan e ^ al., 1974a) and fungi (Singh & Singh, 
1981, 1982; Sadanandan & Iyer, 1986; Khan et al., 1974a,b). 
Similarly some workers (Chauhan, 1960; Sinha & Prasad, 1986) 
have also reported efficacy of oil-seed cakes against 
F . oxvsporum f . ciceri, however, there is no such report 
available with respect to M . phaseolina. Nematicides have 
also been reported to be inhibitory to nematodes (Den Ouden, 
1971; Sivakumar ejt , 1973, 1974; Yein ^ 1977; 
Sakhuja & Sethi, 1986b; Hasan, 1989) and fungi (Singh & 
Prasad, 1973, 1978; Singh & Sharma, 1978; Martin ^ al., 
1957; Tu & Miles, 1976) on other crops. 
The present findings substantiate and confirm the 
results of the field experiment (Tables 11a,b,c & 22a,b,c) 
where all these treatments have shown broad-spectrum efficacy 
against a variety of plant-parasitic nematodes and fungi. 
As a consequence of reduction in pathogenic effects, 
plant growth (length, weight, percent pollen fertility, pod 
number and chlorophyll content) of chickpea and mungbean 
U2U. 
improved in all the treatments except dimethoate where some 
phytotoxicity was observed. The improvement in the root-
nodulation as well as in photosynthetic pigment could be due 
to the direct effect of different treatments or indirectly 
through control of the pathogens. In any way, improved root 
nodulation as well as leaf pigmentation might have, in tern, 
helped the plants for their luxurient growth. 
A similar experiment was also conducted by using un-
bacterised seeds (Tables 9b, 10b, 20b, 21b). Here, the 
overall plant growth parameters (length, weight, percent 
pollen fertility, pod number and chlorophyll content) were 
less than those raised from bacterised seeds. These were 
further decreased in plants inoculated with the test 
pathogens, even greater than in bacterized pathogen-
inoculated plants. This reduction has positive correlation 
with the increase in the multiplication of both the nematodes 
and root-knot development in M . incognita-infected plants. 
Root-rot development was also increased in case of mungbean. 
It may be due to reduced resistance against invading 
pathogens in less vigorously growing plants. These findings 
are in agreement with those of Orellana ^ al. (1976), 
Bopaiah gt (1976a) and Tu (1980). 
Various aspects of the efficacy of the treatments have 
been discussed earlier with the results of the field study. 

6 . SDMMARY 
6.1 Varietal reaction of chickpea and mungbean to the test 
nenatodes and fungi: 
Twenty four cultivars of chickpea (Annigeri, C-375, 
Chaffa, E-lOO, EC-1538, F-61, F-404, JG-62, H-355, K-4, 
Hima, JGC-1, JG-23, JG-24, JG-221, ICC-391WR, BG-225, 
ICC-3103WR, ANM-123, BG-209, ICC-202WR, BG-220, Pusa-209, 
K-850) and 8 cultivars of mungbean (K-851, T - 4 4 , PDM-11, PDM-
54, PDM-84-139, PDM-146, 4/395, ML-137) were screened for 
their reaction to the root-knot nematode, Meloidogvne 
incognita and the reniform nematode, Rotylenchulus renjformis 
and also to host specific fungi such as wilt-fungus, Fusarjum 
oxvsporum f . ciceri (on chickpea) and root-rot fungus, 
Macrophomina phaseoljna (on mungbean), using different 
inoculum levels. The resistance/susceptibility reaction 
was assessed not only on the basis of number of root-
galls in case of M . incognita, multiplication rate in 
case of fi. reniformis and root-rot index is case of M . 
phaseolina, but also on the basis of reduction in different 
plant growth parameters. In presence of Rhizobium, chickpea 
cultivars F-61, F-404, JG-221 and ANM-123 were found 
resistant to R . reniformis whereas ICC-3103WR and ANM-123 
to M . incognita. and mungbean cultivars PDM-54 and 
PDM-84-139 to M . incognita and PDM-5 4 to R . reniformis showed 
resistant reactions. Whereas 3 cultivars of mungbean, v i z . . 
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PDM-146, PDM-84-139 and ML-137 were rated resistant against 
root-rot fungus. However, none of the chickpea cultivars was 
found resistant to the wilt-fungus. 
In case of chickpea, the wilt-fungus was found to be 
most damaging while the reniform nematode the least. In case 
of mungbean, on the other hand, pathogenic potential was 
observed highest with root-knot nematode and least with root-
rot fungus. The inoculum level of the pathogens was found 
directly correlated to the extent of plant damage in terms of 
length and weight of plants, percent pollen fertility, pod-
number, chlorophyll content, nitrate reductase activity and 
root-nodulation. Reproduction factor of nematode was found 
high at low inoculum level but reduction in growth parameters 
was less at low inoculum level. However, at the higher 
inoculum level, the reproduction factor decline sharply but 
plant growth was affected adversely. Number of root-galls 
caused by M . incognita increase as the inoculum level 
increased (Tables la, 2a, 3a, 12a, 13a, 14a). 
The reaction of different cultivars of chickpea and 
mungbean to the tost pathogens was also studied in absence of 
Rhizobium. It was revealed that all the test pathogens 
brought about greater damage to various growth parameters. 
Moreover, the cultivars found resistant in presence of 
Rhizobium, showed susceptibility in absence of Rhizobium to 
varying extent (Tables lb, 2b, 3b, 12b, 13b, 14b). 
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6.2, Interactive effects of the test nematodes and fungi on 
chickpea and mungbean: 
Meloidoqyne incognita and Rotvlenchulus reniformis with 
Fusarium oxvsporum f . ciceri on chickpea and Macrophomina 
phaseolina on mungbean singly or in various combinations were 
found to be highly detrimental to plant growth as measured in 
terms of plant length, fresh as well as dry weights, pod 
number, chlorophyll content and root-nodulation. In single 
pathogenic condition, F . oxvsporum f . ciceri caused highest 
reduction in growth parameters in case of chickpea 
followed by M . incognita and reniformis while in case of 
mungbean, M . incognita brought about highest reduction 
followed by R . reniformis and M . phaseolina. In concomitant 
inoculation, highest reduction in plant growth was observed 
with M . incognita + F . oxvsporum f. ciceri and least with R . 
reniformis + F . oxvsporum f . ciceri on chickpea. In case of 
mungbean on the other hand, it was maximum with nematode 
combination than with nematode~fungus combination and minimum 
being with R . reniformis and M . phaseolina. In sequential 
inoculations, the plant damage in chickpea was highest when 
M . incognita preceded the fungus and least when wilt-fungus 
preceded reniformis, whereas in case of mungbean it was 
maximum when M . incognita preceded R. reniformis and minimum 
where M . phaseolina preceded R . reniformis (Tables 4a, 15a). 
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The population of both the test nematodes was adversely 
affected in all the combinations with fungi in contrast to 
where nematodes were present alone. It was highest when 
fungus was introduced prior to the nematode and least in the 
reverse condition. In the multipathogenic condition, the 
multiplication rate was affected to the greater extent in 
case of B . reniformis than M . incognita on both test crops. 
F . oxysporum f . ciceri brought about more reduction in 
nematode population than M . p h a s e d i n a . The rate of 
multiplication of both the nematodes was highest when 
inoculated individually, more being in M . incognita. These 
nematodes were also found to be inhibitory to each other in 
concomitant inocula1.ions where R. reniformis suffere(3 more 
than M . incognita. This effect was more pronounced when 
M . incognita was inoculated prior to R. reniformis. The 
number of root-galls caused by M . incognita was also affected 
adversely when both the nematodes were inoculated 
simultaneously or sequentially (Tables 4a, 15a). 
Similar experiment was also conducted in absence of 
Rhizobium. Both the test plants, exhibited less growth than 
in Rhizobium treated ones. In inoculated plants, the extent 
of damage in all the growth parameters was greater in 
comparison to treated ones (Tables 4b, 15b), however, the 
pathogenic as well as interactive behaviour of the test 
pathogens was more or less on the same pattern. 
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6.3 Effect of the teat nematodes and fungi on different 
growth stages of chickpea and mungbean: 
In another experiment, the extent of damage due to 
root-knot nematode, M . incognita, reniform nematode, 
R . reniformis, wilt-fungus, F . oxysporum f. ciceri and root-
rot fungus, iJ. phaseolina singly or in various combinations 
were examined (in presence of Rhizobium) in terms of plant 
length, fresh as well as dry weights, chlorophyll content and 
root-nodulation at different growth stages (vegetative, 
anthesis, pre-blooming, full-blooming, post-blooming, pod-
setting and pod-maturing) as well as number of anthesis buds, 
flower and pods, percent pollen fertility at the onset or 
onward reproductive stages of chickpea and mungbean. It was 
noted that damage was highest at pod-maturing stage and least 
at vegetative stage. It was also noted that concomitant 
inoculation with M . incognita and F . oxysporum f. cjcerj. on 
chickpea and M . incognita with M.phaseolina on mungbean 
caused more damage than R . reniformis in combination with the 
test fungi. Under single pathogenic condition, the plant 
damage was found to be maximum with F . oxysporum f . ciceri 
and minimum with M. phaseolina on their respective test 
hosts. The test fungi were also found to be inhibitory to the 
test nematodes. The highest reduction in nematode 
multiplication was noted in pod-maturing stages and least in 
the vegetative stage in combined inoculations with fungi. 
The number of root-galls were also affected on the above 
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pattern. As compared to M . phaseolina, F. oxysporum f. cjceri 
was found to be more detrimental to M . incognita and 
R . reniformis (Tables 5a, 6a, 16a, 17a). 
Similar experiment was also done in absence of 
Rhizobium which showed an overall reduction in plant growth 
than in Rhizobium - treated ones. In the absence of Rhizobium 
these pathogens in various combinations (singly or 
concomitantly) caused greater damage to all growth parameters 
(Tables 5b, 6b, 16b, 17b). 
6.4 Effect of the test nematodes and fungi inoculated at 
different age of chickpea and mungbean: 
The test nematodes as well as the host specific fungi 
when inoculated singly or concomitantly at different plant 
age (2-8 weeks) of chickpea and mungbean, caused maximum 
damage with respect to plant length, fresh as well as dry 
weights, percent pollen fertility, pod-number, chlorophyll 
content and root-nodulation when they were inoculated at an 
early stage, i.e., after 2 weeks of seed germination and 
minimum when inoculated at the later phase of plant growth, 
i.e., after 8 weeks. The nematode multiplication was highest 
when inoculated alongwith fungi at plant age of 2-weeks. The 
nematode multiplication gradually decreased in plants 
inoculated at higher age. The multiplication of nematodes, 
when inoculated singly was found lowest in plants inoculated 
at the age of eight weeks. Meloidogyne incognita reproduced 
431 
better than that of R . reniformis on both the test crops. The 
number of root-galls also followed the same pattern as 
noticed in case of nematode population. The highest number 
of root-galls was recorded in plants inoculated at the age of 
2-weeks and least at 8-weeks when introduced singly, but 
reverse condition was found in concomitant inoculation with 
fungi (Tables 7a, 8a, 18a, 19a). 
In the above experiment, the overall growth was more in 
plants raised from bacterised seeds than those from non-
bacterised seeds. The test pathogens thus caused greater 
damage in absence of Rhizobium (Tables 7b, 8b, 18a, 19a). 
6.5 Efficacy of oil-seed calces/nematicides against the test 
nematodes and fungi on chickpea and mungbean: 
In a pot study, efficacy of some oil-seed cakes (neem, 
castor, mustard, duan) and nematicides (aldicarb, 
carbofuran, dimethoate) was assessed against M . incognita and 
R . reniformis singly or in combination with F . oxysporum f. 
ciceri on chickpea and M . phaseolina on mungbean. Among 
nematicides, dimethoate was found to be highly efficacious 
followed by aldicarb and carbofuran in limiting the 
detrimental effects of the pathogens. While among different 
organic amendments neem cake gave maximum degree of control 
of the pathogens followed by castor, mustard and duan cakes. 
In general oil-seed cakes were found to be equally effective 
as the nematicides. The different treatments were found to be 
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more efficacious to R . reniformis than M . incognita. As a 
consequence, plant growth parameters such as plant length, 
fresh weight, percent pollen fertility, pod number, 
chlorophyll content and root-nodulation improved excepting in 
case of dimethoate, where some phytotoxicity was observed 
(Tables 9a, 10a, 20a, 21a). A similar experiment was also 
done in the absence of Rhizobium (unbacterised seeds) , here 
in this case the overall growth of plants was less, both in 
pathogen inoculated as well as uninoculated plants (Tables 
9b, 10b, 20b, 21b). 
6.6 Effect of oil-seed cakes/nematicides in combination with 
ploughing on nematodes and fungi on chickpea: 
The efficacy of different oil-seed cakes (neero, castor, 
mustard, duan) and nematicides (aldicarb, carbofuran, 
dimethoate) was also evaluated against plant-parasitic 
nematodes and soil inhibiting fungi under field condition 
growing chickpea plants as first crop. All the treatments 
were found to be inhibitory to the populations of plant-
parasitic nematodes, viz., reniformis, Tylenchorhynchus 
brasslcae, Meloidoayng incognita, Hellcotylenchun jndlcjjs, 
Hoplolalmus indicun. Hemicriconemoides mangiferae and 
PratylenchUB coffeao etc. The influence of these treatments 
were more pronounced in the predominant species, viz., M . 
incognita, reniformis and byassicae (Tables lib). The 
frequency of pathogenic fungi, viz., Rhigoctonia solajii, 
Fusarlum monillformae, Fusarium oxysporum f. cicerl, 
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Macrophomina phaseolina, Alternaria alternata, Alternaria 
tenius, Sclerotium rolfsii, Botrytis cinerea, etc. also 
declined due to various treatments, however, on the other 
hand, the frequency of saprophytic fungi, viz., 
njqer> A . flavus, A . flavipes, A . 
echinulata, Cladosporium herbarum, etc. improved in beds 
treated with oil-seed cakes but slightly decreased in case of 
nematicide treated beds (Table 11c). 
Highest inhibition in population of plant-parasitic 
nematodes was noted in beds treated with dimethoate followed 
by aldicarb, carbofuran, neem cake, castor cake, mustard 
cake and duan cake. More or less similar pattern was 
also noted in the reduction of frequency of pathogenic fungi. 
Frequency of saprophytic fungi increased in beds treated with 
oil-seed cakes where neem cake gave the best results followed 
by castor, mustard and duan cake. However, all nematicides 
reduced the saprophytic fungi to some extent. 
Effect of various treatments on nematodes as well as on 
fungi was more pronounced in deep ploughed set (40 cm deep 
ploughing) than normal ploughing (20 cm deep ploughing). 
As a consequence of reduction in the population of 
plant-parasitic nematodes and frequency of parasitic fungi, 
the plant growth (length as well as fresh weight, percent 
pollen fertility, pod number, chlorophyll content, nitrate 
reductase activity and root-nodulation of chickpea improved. 
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Moreover, there was positive correlation between the 
improvement in plant growth and reduction in pathogenic 
nematodes and fungi. Among nematicides, aldicarb was found 
more beneficial for plant growth followed by carbofuran and 
dimethoate and among oil-seed cakes, neem cake was found more 
beneficial for improvement in plant growth followed by 
castor, mustard and duan cakes (Table 11a). 
The effect of different treatments also persisted even 
after a lapse of six months in the next growing season when 
mungbean was grown. The population of plant-parasitic 
nematodes as well as frequency of pathogenic fungi could not 
increase as freely as in case of untreated beds, consequently 
improving plant growth characters (Tables lid, e , f). The 
multiplication of nematodes generally was below than the 
initial population of the preceding crop in all the 
treatments. 
6.7 Effect of oil-seed cakes/nematicides in combination with 
ploughing on nematodes and fungi on mungbean: 
The efficacy of different oil-seed cakes (neem, castor, 
mustard, duan) and nematicides (aldicarb, carbofuran, 
dimethoate) was also evaluated against plant-parasitic 
nematodes and soil inhabiting fungi under field condition on 
mungbean. All the treatments were found to be inhibitory to 
plant-parasitic nematodes, viz., Hoplolaimus indjcus, 
Helicotylenchus indicus, Tylenchprhynchus brassicae, 
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Rotylenchulus renlformis# Meloidogyne incognita, 
Hemicriconemoides ir.angif erae , Pratylenchus cof feae ,etc . as 
their populations declined significantly. The influence of 
these treatments were more pronounced in the predominant 
species, viz., M . incognita, R . reniformjis, 1 . brassicae. 
Helicotylenchus jndicus (Table 22b). The frequency of 
pathogenic fungi, e.g., Macrophomina phaseolina, Rhizoctonia 
solani > Phyllosticta phaseolina, F . oxvsporum, Alternaria 
tenlus, Botrytis cinerea, Sclerotium rolfsii, etc. also 
declined due to various treatments, however, frequency of 
saprophytic fungi, viz., Aspergillus niger/ A . flayus, A . 
flavipus, A . fumigatus. Rhizopus nigricans. Mucor globosum, 
in, 
Cunninqhamella echinulata etc. improved/.the beds treated with 
oil-seed cakes but slight decrease was noted in case of 
nematicides treated beds (Table 22c). 
Highest inhibition in population of plant-parasitic 
nematodes was noted in beds treated with dimethoate followed 
by aldicarb, carbofuran, neem cake, castor cake, mustard cake 
and duan cake. The reduction in frequency of pathogenic 
fungi was also found more or less the same. Frequency of 
saprophytic fungi increased in beds treated with oil-seed 
cakes and neem cake favoured these fungi to the greatest 
extent followed by castor, mustard and duan cakes. However, 
all the nematicides reduced these fungi to some extent. 
Effect of various treatments on nematodes as well as on 
fungi was more pronounced in the deep ploughed set (40 cm 
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deep ploughing) than normal ploughed one (20 cm deep 
ploughing). 
As a consequence of the reduction in population of 
plant-parasitic nematodes and frequency of parasitic fungi, 
the plant growth (length as well as fresh weight, percent 
pollen fertility, pod number, chlorophyll content, nitrate 
reductase activity and root-nodulation) of mungbean improved. 
Moreover, there was positive correlation between the 
improvement in plant growth and reduction in pathogenic 
nematodes and fungi. Among nematicides, aldicarb was found 
to be more beneficial for plant growth followed by carbofuran 
and dimethoate and among oil-seed cakes, neem cake was found 
to be more beneficial for improvement in plant growth 
followed by castor, mustard and duan cakes (Table 22a). 
The effect of different treatments also persisted even 
after a lapse of six months in the next growing season when 
chickpea was grown. The population of plant parasitic 
nematodes as well as frequency of pathogenic fungi could not 
increase as freely an in case of untreated beds, consequently 
improving plant growth characters. In this crop, the 
multiplication of nematodes was below the initial 
population of the preceding crop in all the treatments 
(Tables 22d, e , f). 
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